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A bstract 
ABSTRACT 
Over the last 30 years Bahrain has witnessed remarkable economic growth and social 
development. This has resulted in tremendous changes in the dietary habits and 
lifestyle of the population and consequently increased levels of obesity. A cross- 
sectional study involving a representative sample of 506 Bahraini adolescents (249 
males and 257 females), aged 12 to 17 years, was carried out to estimate the 
prevalence of obesity, its contributing factors and relationship to the risk of 
developing high blood pressure. The sample was selected, using a multi-stage 
random sampling technique, from intermediate and secondary schools in Bahrain. 
Data was collected using anthropometric measurements, blood pressure measurement 
and a self-administered questionnaire. A separate case control study, which included 
a sample of obese and non-obese adolescents, was carried out to investigate the 
relationship between adolescents' obesity and the family environment. 
Twenty one percent of the male and 35% of the female participants were obese using 
the WHO criteria for obesity in adolescents. A distinct sexual dimorphism in the 
accumulation of body fat during adolescence was observed. Thirty two percent of the 
boys and 60% of the girls had a percentage body fat at or exceeding the high-risk 
threshold for fatness, according to the currently accepted criteria. Systolic blood 
pressure, waist circumference and waist-hip ratio were all positively associated with 
body fatness. Multivariate analysis showed that higher levels of mother's educationI 
frequent snacking and distress eating were all independent factors associated with an 
increased risk of obesity. Factors associated with a reduced risk of obesity included 
playing sport outside school, walking or cycling to school and eating meals with the 
family. Among the family environment variables, parental obesity and history of 
diabetes; mother's lifestyle variables, namely physical exercise and hours of 
television viewing, were all found to be independently related to risk of obesity in the 
Bahraini teenagers. Mother's degree of control over child's eating was strongly and 
indirectly related to risk of obesity in the adolescents. Breastfeeding, birthweight and 
availability and accessibility of high calorie foods in the house did not appear to be 
associated with adolescents' obesity. Eighteen percent of boys and 10% of girls had 
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high blood pressure. BMI, percent body fat and waist circumference were all 
significantly and positively associated with a risk of having elevated blood pressure. 
Approximately 30% of the adolescents underestimated their current %veight and about 
40% thought that their parents/peers would consider them to be leaner than they 
actually were. More than half of the girls and about one third of the boys expressed 
discontent with their current body weight. 
Lifestyle changes and nutrition transition associated with economic development in 
Bahrain has increased risk of obesity among adolescents, a characteristic now 
evident in most countries in the Arab Gulf Region. This study provides an insight 
into the various determinants of this epidemic and will help to initiate public health 
strategies to deal with this increasing burden on health in the region. 
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Chapter P Inti-otilictio? l 
CHAPTER 1: INTRODUCTION 
Obesity is becoming a major public health problem, affecting people of all ages and 
an increasing number of countries worldNvide. The health consequences of obesitV 
are well documented. Excessive fatness is associated with mariv chronic discascs 
such as coronary heart disease, hypertension, diabetes and some forms of cancer 
(WHO, 2000). Although most of these complications are associated with adLIlt 
obesity, significant morbidities, including a ,, 'ariety of physical, social and 
psychological problems have been obsen, ed in obese children. D-yslipidemia, 
hyperinsulinemia, impaired glucose tolerance and elevated blood pressure haN, e all 
been shown to be associated with childhood and adolescent obesity (Freedman et al., 
1999a). There is also evidence that, as in adults, the pattern of body fat distribution 
during adolescence, particularly intra-abdominal fat accumulation, may be important 
in increasing the risk of these metabolic disturbances (Goran & Go%vcr, 1999). 
Furthermore, childhood obesity, especially in adolescence, predisposes to adult 
obesity, and the likelihood of obesity being continued into adulthood is oreatest \vhen 
both parents are obese (Whitaker et al., 1997). 
In children and adolescents, assessment of obesity is problematic. Unlike the 
situation in adults where a universally applicable system of classifying obesity and 
overweight is available, there has been little agreement on either the method or the 
cut-offs to be used in defining obesity in children and adolescents. This is largely due 
to the physiological changes associated Nvith growth and maturation, which 
complicate assessment of body composition at this age. The World Health 
Organisation (WHO) Expert Committee has recommended the use of both Body 
Mass Index (BMI) and skinfold thickness as the best indicators for the assessment of 
obesity in adolescents. Obesity is diagnosed Nvhen the body mass index exceeds tile 
85th percentile for age and when both the triceps and subscapular skinfolds are equal 
to, or greater than, the 90th percentile for age (WHO, 1995). 
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The prevalence of obesity among the child and adult populations in Westernsocieties 
is high and appears to be increasing at alanning rates. Obesity may be relatively 
uncommon in some Asian and African countries but it is more preN-alent in urban 
than rural communities and is steadily rising in many devc1oping countries, 
particularly those undergoing rapid economic transition (WHO, 2000). In Bahrain, 
for example, available data indicate that the prevalence of obesity in adults is high, 
especially in females (Al-Mannai et al., 1996). A population-based study showcd 
that 56% of men and 79.6% of women in Bahrain Nvere overweight or obese (B%1I 
ý! 25 kg/M2) (Musaiger et al., 2000b). Studies on the occurrence of obesity among 
children and adolescents in Bahrain are scarce. An early study conducted on 121 
Bahraini girls between the ages of 7-18 years revealed that 19% of the girls NNcrc 
obese (ý! 85th percentile of skinfold thicknesses) (Blair & Gregory, 198-5). A 
subsequent study in which a BMI cut-off of 25 kg/m2 was used to determine obesity, 
reported that 15.6% of the male and 17.4% of the female secondary school students 
in Bahrain were obese or overweight (Musaiger et al., 1993). Ho\vcvcr, 
overweight/obesity in adolescents cannot be defined on the basis of a single BMI cut- 
off for all ages as used for adults, since it is known that during adolescence BMI 
varies considerably with age. Thus it is possible that these estimates reported by 
Musaiger et al. (1993) are inaccurate and may not therefore reflect the magnitude of 
the obesity problem in Bahraini adolescents. 
The aetiology of obesity is to a large degree uncertain, but both genetic and 
environmental factors appear to be important. Studies on the physiology and genetics 
of human obesity have provided evidence that body weight is regulated, and some of 
the genes involved in this regulatory system have been identified. Family studies and 
studies on twins and adoptees have demonstrated that 30% to 50% of the inter- 
individual difference in adiposity is due to genetic factors (Bouchard et aL, 1998). 
The current surge in the global prevalence of obesity may also reflect socio-cultural 
and environmental changes that promote overeating and sedentary lifestyles (Prentice 
& Jebb, 1995). Since the mid 1970s, Bahrain has experienced dramatic economic 
growth and rapid social development, which are believed to havc led to great 
changes in tile food consumption patterns and lifestyle of the POPLIlation and 
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consequently different trends of diseases and mortality. Cardiovascular diseases are 
now the major cause of mortality in Bahrain, representing one third of the total 
deaths (Ministry of Health, 2000). A high prevalence of non-insulin dependent 
diabetes (NIDDM) has also been documented among the Bahraini adult population 
(Al-Mahroos & McKeigue, 1998). 
Studies indicate that risk of overweight in children and adolescents is strongly linked 
to low physical activity, increased television viewing and the family environment, 
including parents' obesity and lifestyle behaviours (Dietz & Gortmaker, 1985; Birch 
& Davison, 2001). The importance of these deten-ninants and how they interact to 
produce obesity in children is not clear and no study has attempted to examine 
adequately the relationship between these multiple categories of factors and obesity 
among adolescents in Bahrain. Strategies to reduce the risk of obesity and its co- 
morbidities in adulthood need to be initiated at an earlier age, i. e. during childhood 
and adolescence (WHO, 1990). This necessitates an understanding of excessive 
weight gain during this crucial period of growth. The general aim of the present 
study is to determine the prevalence of obesity among adolescents in Bahrain and to 
investigate factors associated with its development. 
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CHAPTER 11: BACKGROUND TO THE STUDY 
Throughout history man has evolved efficient physiological mechanisms to dcfend 
against body weight loss. The ability to conserve surplus energy as adipose tissue in 
the body fat depots so that it can be utilised in times of need has conferred surxival 
advantages in a harsh environment Nvhere food supply can be scarce. Today howcver, 
in our modem environment, which provides easy access to calorie dense foods and 
encourages a sedentary lifestyle, the metabolic consequences of these physiological 
mechanisms are becoming maladaptive (Rosenbaum & Leibel, 1998). As a result 
obesity has emerged as a worldwide phenomenon, affecting high as well as middic- 
income groups and both adults and children alike (WHO, 2000). 
2.1 PREVALENCE OF CHILDHOOD AND ADOLESCENT OBESITY 
While the global epidemic of overweight and obesity is well documented in the adult 
population, estimates of the prevalence and secular trends of this problem in children 
and adolescents are difficult to make and compare (WHO, 2000). This is largely 
because of the lack of a well-accepted international definition of obesity and 
overweight in this age group. Nevertheless, there is evidence that childhood and 
adolescent obesity is a growing problem in both the developed and developing 
countries, which parallels that seen in the adult population (Trolano & Flegal, 1998., 
Chinn & Rona, 2001; de Onis & Blossner, 2000). In the United States for example, 
data from the National Health & Nutrition Examination Surveys (NHANES) show 
that approximately I I% of children (aged 6-11 years) and adolescents (aged 12-17 
years) were overweight (BMI ý! 95th percentile) in the 1988-1994 period. An 
additional 14% had a BMI between the 85th and 95th percentiles and therefore had 
an increased risk of becoming overweight (Trolano & Flegal, 1998). A study from 
Japan that has investigated the trends of obesity among 6-14 year old children during 
the 1974 -1995 period showed that the rates of obesity (>120% of standard 
body 
weight) and that of extreme obesity (ý! 1401'o of standard bodý- Nvelght) havc 
doublcd 
from 
-5% to 
10% and from 1% to 21"o, respectively (Kotani ct al., 
1997). The risim-1 
I- 
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trend in childhood and adolescent obesity is not only confined to the industnalised 
countries; many developing countries are experiencing a similar or even higher rise. 
Thailand for example, has seen an increase in the prevalence of obesity among 
school-aged children (6-12 years) from 12.2% in 1991 to 15.6% in 1993 (Mo-suwan 
et A, 1993). Chu (2001) reported an increase in the prevalence and trends of obesity 
(but not overweight) among 12 to 15 year old schoolchildren in Taiwan; during the 
1980 to 1994 period, rates of obesity increased from 12.4% in boys and 10.1% in 
girls to 16.4% and 11.1%, respectively. Table 2.1 presents the prevalence of obesity 
among children and adolescents in selected countries. 
Table 2.1. Prevalence of obesity among adolescents in selected countries 
Country Age Criteria for obesity/overweight Prevalence Source 
(years) 
USA 12-17 BMI 85-95th percentile 14% (Troiano & Flegal, 1998) 
BMI ý! 95th percentile 11% 
France 4-17 BMI >90th percentile 11.7% (Rolland-Cachera et al., 1992) 
BMI >97th percentile 3.2% 
Italy 11-19 BMI ý! 85th percentile 21.3% (boys) (De Vito et al., 1999) 
21.5% (girls) 
BMI>85th percentile plus-ý! 90th 9.8% (boys) 
percentile for TSKF and SSKF 6.3% (girls) 
Japan 6-14 120% of standard body weight 10% (Kotani et al., 1997) 
Thailand 6-12 120% weight for height 15.6% (Mo-suwan et al., 1993) 
Taiwan 12-15 120% weight for height 16.4% (boys) (Chu, 2001) 
11.1 % (girls) 
Seychelles 15-17 IOTF standard -overweight* 12.6% (Stettler et al., 2002) 
IOTF standard -obesity 3.8% 
* The International Obesity Task Force (IOTF) standard (Cole et al., 2000) 
In view of the fact that different criteria are used by different investigators as evident 
in the table above, the International Obesity Task Force (IOTF) has recently focused 
attention to this problem and suggested a useful BMI standard for estimating the 
prevalence of childhood and adolescent obesity both within and between different 
countries (Cole et al., 2000). Bellizzi et al. (2001) used this standard to quantify and 
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compare the prevalence of overweight among adolescents in some Asian ind 
European countries. The authors included population representative anthropornetric 
data for 15-year-old boys and girls from 4 Asian countries (Taiwan, Japan, Hong 
Kong and Singapore) and 4 European countries (Italy, Hungary, United Kingdom 
and the Netherlands). With a few exceptions, the data spanned the period between 
the late 1980s to the late 1990s. The results indicated that the level of total 
overweight was highest in Taiwan (30.5% in boys and 21.1% in -, Irls) and Italy 
(22.8% in boys and 16.3% in girls). The results also confirmed the high prevalence 
of overweight among adolescents from different Asian countries and revealed 
marked sex differences, with rates of overweight being much higher among Asian 
boys than among girls. 
2.1.1 Prevalence of obesity in the Arabian Gulf Region 
Available data from the Arabian Gulf countries, namely Bahrain, Kuwait, Saudi 
Arabia, Qatar, United Arab Emirates and Oman, indicate that obesity is a serious and 
growing problem in this region, especially among women (Al-Mannai et al., 1996; 
Al-Nuaim et al., 1996a; Al-Hamad, 1999). A population-based study showed that 
21% of men and 48.6% of women in Bahrain were obese (BMIý! 30) (Musaiger & Al- 
Roomi, 1997). A study from Saudi Arabia by Al-Nuaim et al. (1996a), which 
included a representative sample of 13,177 subjects aged 15 years and above, 
reported that the prevalence of overweight (BMI ý: 25) among males and females was 
29% and 27% and that of obesity (BMI ý: 30) was 16% and 24%, respectively. 
In children and adolescents, the prevalence of overweight and obesity has also sho\\ n 
a similar increasing trend (Table 2.2). AI-Mousa and Parkash (2000) assessed the 
prevalence of overweight and obesity in Kuwaiti schoolchildren. Data was collected 
as part of an on-going national health surveillance programme. The sample included 
10,893 children aged 10-13 years and 10,512 adolescents aged 14-17 years. The 
results showed that the prevalence of overweight and obesity (BMIý! 85th percentilc 
of the NHANES reference) among the 10- 13 year old boys and girls was 36.8% and 
0, -espectivcly. Among the older children, the prevalence was 27.0""0 in boys 3 5.9, o, i 
and 3 1.1 % in girls. Al-Nuaim et al. (I 996b) determined the prevalence of o\-crweight 
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and obesity among 9,061 male schoolchildren aged 6-18 years in Saudi Arabia. It 
was found that 15.8% of boys were obese (ý: 120% of the expected BMI median of 
the NCHS/CDC reference) and 11.7% were overweight (110- 120%). A study from 
Oman reported that the prevalence of obesity (ý! 85th percentile) among 11-18 year- 
old girls was 12% (Musaiger, 1994a). 
Table 2.2. Prevalence of childhood and adolescent obesity in Bahrain & other 
Arab Gulf Countries 
Country Year Sample Age Criteria for overweight/ Prevalence Source 
size (years) obesity M 
Boys Girls 
Bahrain 1985 121 7-18 Skinfold thickness ý! 85th 19.0 (Blair & Gregory, 1985) 
1989 825 15-21 BMI ý25 15.6 17.4 (Musaiger et al., 1993) 
1992 584 12-19 BMI 85th -95th 38.5 (Musaiger et al., 2000a) 
BMI ý! 95th 6.3 
Kuwait 1999 10893 10-13 BMI ý! 85th 36.8 35.9 (Al-Mousa & Parkash, 
2000) 
10512 14-17 BMI >85th 27.6 31.1 
Saudi 1995 9061 6-18 110- 120% of median BMI 11.7 (Al-Nuaim et al., 1996b) 
Arabia of reference 
> 120 % of median BMI 15.8 
of reference 
1998 597 12-19 BMI 85th 28.0 (Abahussain et al., 1999) 
Oman 1992 596 11-18 BMI 85th 12.0 (Musaiger, 1994a) 
2.2 OBESITY IN BAHRAIN 
The Kingdom of Bahrain is an archipelago of 33 islands with a total area of 706,055 
square kilometres. The main island of Bahrain is Manama, the capital, where about 
half of the population lives. The country lies halfway along the Arabian Gulf, which 
separates it from the State of Qatar in the east, and the eastern coast of Saudi Arabia 
in the west (see map in Appendix IA). The latest census of Bahrain, which was 
conducted in 2001, showed that the total population was 650,604 inhabitants (Central 
Statistics Organisation, 2001). About 62% of the population is Bahraini, the rest 
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(38%) are expatriates mainly from the Asian countries and the Far East. The majontv 
of the population (more than 80%) lives in urban areas. In 22001, the estimated 
Bahraini population under the age of 15 years was 36.50o. indicating a youthful 
population. 
Bahrain is an Arab, Islamic independent state. Recently (on 14 February, 2002) and 
about a year after a national referendum was ý'oted for by a great majority, Bahrain 
was pronounced a Constitutional Monarchy and was renamed the Kingdom of 
Bahrain. Bahrain's economy depends mainly on oil, x,., hich was discovered in 1932. 
Before the discovery of oil, the economy depended on pearl harvesting, agriculture 
and trading. The need to diversify income resources and reduce the dependence oil 
oil has led to the development of the financial and banking sectors as well as tourism. 
Since the 1980s, Bahrain has become an important financial centre in both the Arab 
world and the world in general. 
Since the early 1980s several studies have been conducted on the prevalence and 
deten-ninants of obesity in Bahrain. However, the majority of these studies Ilave 
focused on the adult population. A study by Amine (1980), in Nvhich obesity NN, 'as 
defined as -t>-120% of the Harvard standard of weight for height, found that 39% of 
adult females were obese. Al-Mannai et al. (1996) examined the levels of overweight 
and obesity in a sample of 290 adults selected from 2 areas in Bahrain. Results 
showed that 16% of men and 31% of women were obese (BMI ý! 30) and a further 
26% and 29%, respectively, were overweight (BMIý! 25). More recently, Musaiger cl 
al. (2000b) found that 56% of the men and 79.6% of the women in Bahrain had a 
BMI equal to or exceeding 25 k g/M2. 
Data on the occurrence of obesity among adolescents in Bahrain are sparse. An early 
study by Blair and Gregory (1985) showed that the prevalence of obesity (defined as 
ý: 85th percentile of skinfold thicknesses) in a sample of 121 Bahrain, girls aged 7-18 
years was 19%. Musaiger et al. (19933) found that the prevalence of obesity (defined 
2 as BMI ý! 25 kg, 11, ) among secondary school male and female students was 15.6% 
and 17.41,, -o. respectively. A subsequent study on a sample of 584 Bahraini girls agccf 
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12-19 years, which v. -as based on data collected in 1992. showed that the pre%'alence 
of overweight (BMI -2! 85th percentile of the NHANES reference) among the girls 
was 38.5% and that of obesity (BMI ý! 95th percentile) was 6.3%. The studN' also 
showed that Bahraini girls had a higher proportion of body fat than their counterparts 
in many western countries (Musaiger et al., 2000a). 
2.2.1 Factors associated with the development of obesity in Bahrain 
During the last three decades and as a result of the increase in oil revenucs, Bahrain 
and other Arab Gulf States have witnessed dramatic changes in the socio-ecolloillic 
status of the population. These transitions are believed to have led to great changes in 
the food consumption patterns and lifestyle of the population and consequeritly 
different trends of diseases and mortality (Musaiger, 2000b). A new pattern of eating, 
which is characterized by over indulgence in fat-rich foods and the availability of a 
wide variety of processed food and snacks has appeared, replacing the traditional 
carbohydrate-based diet. At the same time people have become more sedentary. 
Television watching has become the favourite leisure activity and with the increased 
availability of housemaids, cars and labour-saving appliances, the physical activity of 
the population has markedly diminished (Musaiger, 1987). 
Studies investigating socio-demographic correlates of obesity in adults revealed an 
inconsistent pattern. A study on a sample of 420 women attending a fitness club 
showed that obesity was more prevalent in women who were unemployed, married 
and with low level of education. The risk of being obese was also higher among 
women who did not do exercise before joining the fitness club or who were >30 
years of age. Family history of obesity, ownership of cars and availability of 
liouseniaids were not significant contributing factors (Musaiger & Al-Ansarl. 1992). 
Another study, which included a random sample of 290 men and women, found that 
marriage and ownership of a car, as Nvell as family size, were all positively related to 
obesity, but neither educational level nor family income had any significant 
association with obesity (. -\I-'%,, Iannai et al., 1996). A more recent study. ill \\'hlcll 
multiple logistic regression \\-as employed to estimate the risk of obesity amon, -, I- 
Bahraini adults, documented an increase in risk of obesity for those wlio ýý-erc 
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females (OR=3.2,95% Cl= 1.96-5-04), educated (OR=1.9,95% with 
history of hypertension (OR=2.5,95% CI=1.2-5.1) and who consumed fresh fruit 
more than 3 times per week (OR=2.0 95% CI=1.3-3.1) (%,, Iusalger et al., 2000b). 
Factors associated with childhood and adolescent obesity in Bahrain are iiot clear. 
Only a few studies have attempted to assess factors associated w1th obesit%, in this 
age group. However, some possible contributing factors are high intake of caloric- 
dense foods, lack of physical exercise and socio-cultural factors. Zaghloul et al. 
(1984) examined the daily intake of nutrients and physical activity behaviour in a 
group of obese and non-obese Bahraini adolescent girls. They found a significantly 
higher intake of energy, fat, protein and carbohydrates among the obese group 
compared to the non-obese. The mean daily intake of energy and fat for the obese 
girls was 2,529 kcal and 79.2 grams, compared to 2,037 kcal and 61 grams for the 
non-obese, respectively. In addition, 65% of the obese girls were categorized as least 
active compared to only 29% in the non-obese group. In adults, the physical activity 
level was also found to be low. The majority of men (>60%) and women (>90%) in 
Bahrain walked less than one kilometre on average weekdays (Al-Mahroos S., 
McKeigue, 1998) and only 13% of adult males and 8% of females exercised 
regularly (Musaiger & al-Roomi, 1997). Data from a national growth survey, in 
which skinfold and an-n circumference measurements were carried out on 1,593 
Bahraini schoolchildren between the ages of 6 to 18 years, indicated a high 
subcutaneous fat store and a very small arm circumference, suggesting poor muscle 
development in these children (Musaiger et al., 1989). Musaiger et al. (1993) 
conducted a study involving 825 secondary school students (417 boys and 408 girls) 
to examine factors associated with the development of obesity in this population 
group. Univariate analysis showed that family history of obesity was a sil, 1111ficant 
factor of risk of obesity in male (OR=3.1) and female adolescents (OR=2.6). ObesItv 
was also more prevalent among boys whose mothers Nvere educated and among those 
who carne from small families (<9 family members). Meal pattern and eating hahIts 
showed no significant association Nvith obesity, but boys who ate alone \vere I times 
more 11kcly to be obese than those who ate NvIth their family. Al-Aboudi et al. (1995) 
considered factors contributing to obesity among pninary school children (6-12 
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years). A sample of 603 students (294 males and 309 females) was included in the 
study. Obesity was defined as BMI ý! 85th percentile of theN-HANES-1 standard and 
information about the socio-economic status of the family was collected from parents 
via a self-administered questionnaire. Results showed that obesity in children x,., as 
positively associated with social class and first-bom status and Nvas negatiNely 
associated with the child's birth order. 
Socio-cultural factors such as beliefs and traditions, religion and food preferences 
exert a powerful effect on the food consumption pattern and lifestyle of populations 
and consequently their nutritional and health status. Despite the rapid changes in 
socioeconomic situations and the increased modernization, there is evidence to 
suggest that in many parts of the Arab world gender discrimination in relation to 
food distribution and intake may still exist (Musaiger, 1993). In some rural areas of 
Saudi Arabia, for example, the meal is served first to the male members of the family 
(which often have the best share of food) and then to the female side of the 
household, by which time little meat and vegetables may be left (Serenius & 
Fougerouse, 1981). In Bahrain, Musaiger (1982) found that 72% of the families eat 
together and in about 13% of the families the two sexes eat separately at mealtime. 
Furthermore in many Arab Middle Eastern Countries boys are breast fed for longer 
periods than girls (Musaiger & Harfoutiche, 1992). A study on 3-8 month old infants 
in Jordan revealed that boys receive up to 4 times more meat, fruits and vegetables 
than girls (UNICEF, 1985 quoted by Musaiger, 1993). 
Socio-cultural factors may also exert a differential influence on the physical activity 
patterns and lifestyles of Arab men and women. Boys for example enjoy a greater 
freedom to go outside or engage in outdoor activities than girls. They also have 
greater opportunity to play various sports. Arab women frequently are governed by 
social customs and traditions that discourage women's active participation in social, 
economic or leisure activities beyond the home (Arab Women Speak Out, 2002). A 
study on the main barriers to practising exercise and other recreational activities 
among women in Bahrain was carried out by Al-Amer (1996). The main social 
barriers perceived by women were work and home commitment (49%) and care of 
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children (36%). However, 24% of women perceived that the negative attitudes by 
family members toward women practising exercise/sport to be an important social 
barrier for them. The study also showed that 79% of the females studied percei-v-ed 
lack of facilities and special clubs for women to be the main reason for not indulging 
in physical exercise and many (67%) believed that there is sex discrimination as 
sport and other recreational facilities are always provided for males. 
Early marriage and frequent pregnancies may be important factors associated with 
the increased prevalence of overweight and obesity among women of the Arab Gulf 
region (Al-Hamad et al., 1999). In Bahrain, for example, obesity is nearly twice as 
prevalent in women as in men (Musaiger & Al-Roomi, 1997). Although statistics 
show that age at first marriage is rising in several countries of the Arab world, early 
marriage is still practiced in many parts of the Arab world (Arab Women Speak Out, 
2002). 
Perception of body weight is another important area in which cultural and social 
factors are known to exert a strong influence. In the western countries, where 
thinness is perceived as the desirable trait for females, girls may find themselves 
under great pressure to attain a slim figure. However, in some social and ethnic 
subgroups, beliefs and social norms for ideal or appropriate body size might be a 
little different. In many Arab countries, overweight is still viewed as a socially 
acceptable or even desirable trait, especially in women (WHO, 1989; Mokhtar et al., 
2001). A study from Kuwait found that despite the high prevalence of obesity among 
the adult female population (56%), more than half of the women underestimated their 
weight and about 40% reported weights which were in the overweight category as 
being appropriate for them (Al-Hamad, 1999). Musaiger et al. (I 994b) found that 
30% of female college students in the United Arab Emirates underestimated their 
weight. However, there is some evidence that attitudes toward body weight in the 
Arab Gulf region are changing. In a study to investigate the association between 
body weight and eating behaviours, and weight control beliefs among Saudi 17 to 
25-year-old females, Rasheed et al. (1998) documented an increased preference for 
the modem western thin body image; 37% of the girls in the normal weight subgroup 
29 
4 
Chapter 11. Ba(kc., n)und To Pie Studi, 
reported dissatisfaction with their body vveight and expressed a wish to be thinner, 
and 62% of the underweight girls said that tliev do not want to gain %Nei,. yht. A 
change in the concept of an ideal body image from the ovenveight female to that of 1. 
the slim figure was also obserA, ed with advancing education. 
2.3 HYPOTHESES, AIM AND OBJECTIVES OF THE STUDY 
2.3.1 Hypotheses 
The hypotheses of the study are: 
I. The prevalence of obesity in a representative sample of Bahraini 
adolescents (12-17 years of age) of both sexes is higher than that previously 
reported in the literature. 
2. Obese adolescents in Bahrain have different eilvironmental risk factors than 
the non-obese, which are dependent on the socio-economic status, dietary 
behaviours, physical activity patterns and the family environment. 
3. Parental body weight is an important detenninant of obesity in adolescence 
in Bahrain. 
Data on the prevalence of obesity among Bahraini adolescents are limited, especially 
in males. Of the 3 available studies only one has included adolescents of both sexes 
(Musaiger et al., 1993). Although the results of that study have indicated that 15.6 "/'o 
of the boys and 17.4 % of the girls were overweight or obese, the criteria used to 
define overweight or obesity NN, crc not appropriate and are therefore questionable. 
The present study improves on previous studies by using the WHO (1995) 
recommended criteria for the assessment of overweight and obesity among Bahraini 
adolescents , in order to allow 
for a more standardised and internationally comparabIc 
definition of obesity. Furthermore, in previous studies, factors contributing to obesitv 
in this age group Nvere not sufficiently investigated, and there have been no studies to 
examine the relationship between obesity in Bahraini adolescents and risk of 
(IcN, cloping high blood pressure. This study undertakes a comprehensivc examination 
of these issues pertaining to the development of obesity among Bahraini adolescents. 
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2.3.2 Aim of the study 
The general aim of this study was to detennine the prevalence of obesity among 
adolescents in Bahrain and to investigate factors associated N, 6th its development. 
2.3.3 Specific objectives 
To estimate the prevalence of obesity among Bahraini male and female 
adolescents based on a population representative sample. 
2. To identify the characteristics of obesity among adolescents by means of 
their anthropornetric data and body composition indicators. 
3. To investigate factors associated with the risk of development of obesity in 
adolescents, including socio-demographic characteristics, dietary 
behaviours and physical activity pattems. 
4. To describe the relationship between adolescent obesity, parental obesity 
and the family environment in a sample of obese and non-obese 
adolescents. 
5. To deten-nine the relationship between obesity in adolescents and the risk of 
developing high blood pressure. 
6. To explore the relationship between perception of, and attitudes to, body 
weight and obesity among adolescents. 
7. To develop policy recommendations for the prevention and control of 
obesity among adolescents in Bahrain. 
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CHAPTER III: REVIEW OF THE LITERATURE 
Childhood and adolescent obesity is a serious public health problem facing the world 
today (WHO, 2000). Studies indicate that the prevalence of obesity among children 
and adolescents is increasing and has reached epidemic proportions in man). 
developed and developing countries (Troiano & Flegal, 1998; de Onis & Blossner, 
2000). This is a cause of concern since obesity at this age tends to track into 
adulthood as well as predisposing to cardiovascular diseases and diabetes later in life 
(Must & Strauss, 1999). 
Obesity is a complex disease with multi-faceted aetiology. The current view is that It 
develops as a result of interactions between biological, environmental and 
behavioural factors, which act to facilitate the establishment of a prolonged positive 
energy balance, and consequent weight gain in susceptible individuals. The genetic 
basis of obesity is well documented. Obesity in parents is a strong predictor of 
obesity in children (Maffeis et al., 1998). Estimates of the degree to which genetic 
factors influence body fatness range from 30% to 50% (Bouchard et al., 1998). 
Despite the importance of genetic predisposition in the aetiology of obesity, only 
environmental and societal changes can explain the sharp rise in obesity levels that 
has occurred in many parts of the world and in a relatively short period of time 
(Prentice & Jebb, 1995). 
Research has identified several environmental factors that are associated with 
increased risk of overweight and obesity in children and adolescents, including high 
intake of energy dense food, low levels of activity and high levels of sedentary 
behaviours (Gortmaker et aL, 1996). Research also suggests that the family 
environment in relation to eating pattern and physical activity may play a key role in 
the development, as well as prevention, of overweight among the offspring, as 
obesity and risk behaviours tend to aggregate within families (Birch & Davison, 
200 1; Burke et aL, 200 1). 
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3.1 DEFINITION AND MEASUREMENTS 
Obesity is defined as the presence of excess adipose tissue, which can be localised or 
generalised. In adults, obesity and overweight are usually determined using the body 
mass index. Adults are classified as obese or overweight by a variety of cut-off 
values based on the mortality and morbidity associated with various le, *-els of BMI. 
The World Health Organisation has published non-gender specific BMI criteria for 
overweight and obesity in adults. A BMI value of 25-29.9 k g/M2 indicates 
overweight whereas a BMI value of 30 kg/m 2 indicates obesity. The category of 
obesity is ftirther classified into class I (BMI 30-34.9), class 11 (BMI 35-39.9) and 
class III (BMI ý! 40) (WHO, 2000). In children and adolescents, however, obesity is 
difficult to quantify and until recently there has been little agreement on a common 
indicator of fatness or an established cut-off point to define overweight or obesity in 
this age group. This is largely because of the increase in weight for height, sexual 
maturation and the changing body composition that characterizes growth in 
childhood and puberty. 
There are many methods to estimate body fat and to determine whether an individual 
is obese, such as densitometry, tracer dilution techniques, neutron activation, dual 
energy x-ray absorptiometry (DEXA), bioelectric impedance analysis (BIA), 
magnetic resonance imaging (MRI) and computerised tomography (CT). However, 
most of these techniques are complex, expensive and not practical for use in 
population studies, and thus their use is restricted to research settings. The only 
useful population measures of body fat are provided by anthropometry. For the 
purpose of this study only the anthropometric measurements will be described. 
3.1.1 Anthropometric measurements 
Anthropometric measurements are often used, particularly in epidemiological 
studies, as indirect methods to estimate the size of fat mass. The most widely used of 
these measurements are height and weight indices and skinfold thickness 
measurements. 
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3.1.1.1 Weight-height indices 
Weight and height are simple and direct measures of bod%, size that are easy to obtain 
in a variety of settings using relatively inexpensive instruments. Weiglit is highly 
correlated with body fat, but because it also correlates Nvith he', (:; ht, NvIiich is poork, 
associated with body fat, weight adjusted for height [NV/H'] is a more useful indcx 
with which to assess overweight (Power et al., 1997). There are two types of weight- 
height indices: relative weight and power type indices. 
Relative weight or weight-for-height is a common measure of overweight in 
children. It expresses the weight of a given subject as a percentage of the avcraoe 
weight of persons of the same height and requires the use of tables of expected 
weight for the child's height and sex (Power et al., 1997). Several power tý'pc 
indices, which relate weight to the n power of height, have been proposed such as the 
ponderal index [W/H 3] and the Quetelet's index (also called the body mass index) 
[W/H 2]. 
3.1.1.2 Body mass index (BMI) 
BMI is one of the most commonly used weight-for-height measures. It can be 
calculated simply by dividing the body weight in kilograms by the height in meters 
squared (kg/rn 2 ). BMI offers a reliable and valid measure of obesity in children and 
adolescents (Rolland-Cachera et al., 1990; Pietrobelli et al., 1998; Malina & 
Katzmarzyk, 1999). However, the use of BMI as a measure of fatness in children and 
adolescents may be affected by growth and development as well as by gender 
differences in body composition (Bini et al., 2000). Dunng childhood and 
adolescence, BMI varies considerably with age, decreasing in early years and 
increasing with age after about the age of 6 years. This age dependence of BMI, 
suggests that the measure is not totally independent of height as it is for adults, X", -ho 
have attained their peak height. Thus the use of BMI in the paediatric population 
requires a set of sex and age-dependent references. Sexual maturation has also been 
reported as an important factor producing vanations in BMI. Daniels et al. (1997) 
observed that the relationship between percent body fat and B%. Il xvas influenced hy 
tile stage of pubertal development to a greater extent than it was by age. Despite 
these limitations, BNII has been recommended as the most acceptable measure of 
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body fat in children and adolescents, especially in population studies, sincc it is both 
valid and reproducible, due to it's ease of use (Bellizzi & Dietz, 1999). 
3.1.1.3 Skinfold thickness 
Total body fat can be predicted from skinfold thickness at vanious anatomical sites of 
the body. The most common sites used to assess children and adolescents' adipositv 
are the subscapular skinfold measurement, which deten-nines truncal body fat and the 
triceps skinfold, which measures fat in the extremities (Rolland-Cachera, 1993). 
Several prediction equations for assessing fat mass from skinfold measurement have 
been developed (Slaughter et al., 1988, Lohman, 1992) and cross validated with 
other techniques for measuring body fat (Janz et al., 1993; Wong et al., 2000). The 
clinical validity of skinfold measurement is well established. Triceps skinfold in 
schoolchildren correlates positively with arteriosclerosis index and systolic blood 
pressure, and negatively with high-density lipoprotein cholesterol (Kanda ct al., 
1997). In addition skinfold thickness measurements are simple and relati\, cly 
inexpensive. However, there is growing concern regarding the comparability of these 
measurements across surveys and longitudinal studies, which monitor trends over 
time (Himes, 1989). Reliability is often difficult to establish either for a single 
observer on the same subject or for different observers, and it tends to decrease as 
body fat increases. In addition, the need to partially undress may not make this 
method culturally acceptable in some parts of the world, leading to greater subject 
refusal and consequently bias (Power et al., 1997). 
3.2 CLASSIFICATION OF OBESITY IN CHILDREN AND ADOLESCENTS 
Obesity in children and adolescents is difficult to classify based on health outcome 
criteria similar to those used for adults. Although overweight in adolescents has beeii 
shown to be associated xvith adult morbidity and mortality (Must et al., 1992) as 'xell 
as xvith cardiovascular risk factors such as elevated blood pressure and dyslipidemiýl 
(Freedman et al., 1999a), available data are currently insufficient to support the 
dc\-clopnient of a risk-factor based classification system for obesity in children and 
adolescents (Powci- et al., 1997). Thus a statistical approach is used in which obesitv 
and ox-crN\-ch, ht are defined relativc to a selected percentile of a refcrence population 
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based on age, sex and race or ethnicity. These percentiles may be applied to avarietV 
of anthropometric measures including B_Ml and skinfold thickness. Several countries 
have published BMI or skinfold for-age charts for their population as well as defined 
cut-off points for overweight and obesity. Guillaume (1999) found that obesitv cut- 
off points used in different countries vary considerably. In the United States for 
example, the 85th and the 95th percentiles of BMI for age and sex are frequently 
used to identify overweight and obese children, respectively (. %, lust et 11., 1991), 
whereas in some European countries the 90th or 97th percentiles are used to define 
obesity. An expert panel convened in 1994 recommended that a B, %Il ý! 95th 
percentile for age should be used as a cut-off for overweight, whereas a BMI ý! 85th 
percentile but <95th percentile or a large change in BMI should be considered a risk 
of overweight and warrants close observation (Himes & Dietz, 1994). The World 
Health Organisation Expert Committee (WHO, 1995), on the other hand, has 
recommended the use of both BMI for age and skinfold for age as the best indicators 
for the assessment of obesity in the adolescent population. ON, ci-NN'cight is defined as 
ý! 85th percentile of BMI for age, whereas obesity is defined as ý! 85th percentile of 
BMI for age plus the ý! 90th percentile of triceps skinfold for age and the ý! 90th 
percentile of subscapular skinfold for age. A summary of these recommendations is 
presented in Table 3.1. The WHO has also suggested that in the absence of local 
reference data, the United States' BMI for age data, published by Must et al. (1991), 
should be used. 
More recently, the IOTF has proposed age and sex specific BMI cut-off points for 
overweight and obesity in children, which are linked to the adult obesity cut-off 
points of 25 and 30 k g/M2 (Cole et al., 2000). These cut-offs are based on pooled data 
from six large nationally representative surveys conducted in Brazil, Great Britain, 
Hong Kong, the Netherlands, Singapore and the United States (Figure 3.1 ). 
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Table 3.1. Recommended cut-offs for overweight and obesity in adolescents 
Indicator Anthropometnc indicator Cut-off 
Overweight BMI for age ý! 85th percentile 
Obese BMI for age 
TSKF for age 
SSKF for age 
Source: adapted from WHO (1995) 
ý! 85th percentile of B%II and 
ý! 90th percentile of TSKF and 
ý! 90th percentile of SSKF 
TSKF= triceps skinfold, SSKF= subscapular skinfold 
Figure 3.1. International cut-off points for body mass index by sex for 
overweight and obesity based on pooled international data. 
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3.3 BODY FAT DISTRIBUTION 
There is substantial evidence that the health implications of obesitv are not onk, 
related to total body fat but also to body fat distribution (Bjomtorp, 19922). In adults, 
intra-abdominal fat (visceral fat) is related to negative health outcomes indepeliderit 
of total body fat (Bjomtorp, 1992). Current evidence suggests that intra-abdominal 
fat (1AF) may also be clinically significant in children and adolescents (Gorall &- 
Gower, 1999). Excess abdominal fatness in adolescence has been shown to be 
associated with a number of cardiovascular risk factors that are known to cluster with 
obesity (Gillum, 1999; Daniels et al., 1999). Studies in which direct measures of IAF 
(such as MRI and CT) were used showed that early accumulation of IAF is 
significantly associated with dyslipidemia and basal insulin levels in obese children 
and adolescents (Caprio et al., 1996; Brambilla et al., 1994). 
Traditionally body fat distribution has been assessed by anthropometry. The waist 
circumference (WQ and the waist to hip circumference ratio (WHR) are often used 
to predict the health consequences of obesity in adults, as changes in these 
measurements tend to reflect changes in risk factors for cardiovascular diseases 
(CVD) and other chronic illnesses. In men and women, an increased WHR (>I. O for 
males and >0.8 for females) is associated with greater risk of these diseases 
independent of total body fat (Bjomtorp, 1992). Furthermore, waist circumference 
has been identified as the most preferred single anthropometric measurement for 
assessment of IAF in adults, since it is easy to measure and correlates well with B. Ml, 
intra-abdominal fat mass and cardiovascular risk factors (Lemieux et al., 1996). In 
children and adolescents however, the usefulness of WHR and WC as indices of 
body fat distribution is not clear. Fox et al. (1993) found no significant correlations 
betxveen these indicators and IAF as measured by MRI in II year old boys and girls 
and suggested that individual trunk skinfold thicknesses (such as the subscapular 
skinfold thickness) or the ratio of trunk to extremity skinfold thickness (such as the 
subscapular to triceps skinfold ratio) may be better indicators of intra-abdominal 
adiposity in children and adolescents. Similar findings vverc reported in 10 to 15 Cýlr 
old children (Brambilla ct al., 1994). Recently. however, WC has been shown to bc 
positIN-cly and independently associated with C%'D risk factors both in children 
Cha ter III. - Review of The Lacrature 
(Maffeis et al., 2001) and in adolescents (Daniels et al., 1999). Taylor et al. (2000) 
evaluated the validity of WC, WHR and the conicity index (defined as waist 
circumference - [0.109 x 4weight -- height] ) as indicators of central fat mass in a 
large sample of 3 to 19 year old children. Results showed that WC correctly 
identified a high proportion (>90%) of subjects with elevated trunk fat mass as 
measured by DEXA and that it performed significantly better as an index of trunk 
adiposity than did WHR or conicity index. The authors concluded that WC could be 
used to screen for high central obesity in children and adolescents. 
3.4 ADOLESCENCE 
3.4.1 Definition and characteristics 
Adolescence is a significant phase of human growth during which the individual 
experiences many physiological changes including the spurt in somatic growth, 
appearance of secondary sexual characteristics, menarche and spermarche. These 
maturational events begin at pubescence, around the age of 10-12 years in girls and 
13-15 years in boys, and continue till the increase in body dimension and other 
morphological changes culminate in the attainment of the adult status, usually near 
the end of second decade of life (WHO, 1995). In girls, the most rapid period of 
growth occurs early in pubertal development and menarche usually occurs after peak 
height velocity has passed. In boys the growth spurt is more prolonged, taking place 
later in puberty and is more nutritionally taxing (Poskitt, 1988). During puberty, sex 
differences in body fatness and distribution of adipose tissue begin to emerge. In 
girls the main change in body composition is the increase in adipose tissue 
accumulation, whereas in boys it is the decline in peripheral body fat and increase in 
lean tissues. Boys also accumulate more intra-abdominal fat than girls (Goran & 
Gower, 1999). 
Adolescence is also a period during which major behavioural and psychosocial 
changes occur. As children become teenagers they tend to seek greater independence 
from their parents, and peers become more important in many areas of their lives, 
both as friends and as role models of behaviour (Shepherd & Dennison, 1996). The 
eating habits of adolescents may also change as they become increasingly in control 
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of what type of food they eat, where and with whom. Skipping meals, frequent 
snacking, high consumption of soft drinks and fast foods, as well as frequent dieting 
are all common features of an adolescent's eating pattern (Bull, 1988). Furthermore, 
adolescence is also a period of increased awareness of the body, its weight and 
shape, especially in females. In the western countries, where thinness is perceived as 
the desirable trait for women, adolescent girls strive to achieve thinness by dieting 
and other means. A study from the United Kingdom showed that the incidence of 
dieting was 35% among adolescent girls and that some girls start to diet as early as 8 
years of age (Roberts et al., 1999). 
Despite its importance as a period of human development, adolescence has received 
little attention in the health programmes of many countries, including the Gulf States. 
The emergence of obesity as a global public health problem and the demonstration 
that obesity in adolescence is associated with adult obesity and its co-morbidities 
have renewed interest in the health status and anthropornetric measurements of 
adolescents (VY'HO, 1995). 
3.4.2 Adolescence as a critical period for the development of obesity 
Recently, adolescence has been suggested as one of the three critical periods of 
growth, the other two being the prenatal period and the period of adiposity rebound 
in childhood, when a person is most susceptible to the development and persistence 
of obesity (Dietz, 1997). Obesity during adolescence is associated with increased 
adult morbidity and mortality (Must et al., 1992) and increased probability of 
persistence into adulthood (Srinivasan et al., 1996). The risk of obesity development 
during adolescence is particularly high in girls. Braddon et al. (1986) found that 
approximately 30% of obese adult females had been obese as teenagers, compared 
with only 10% in obese adult males. Because the pubertal period is associated with a 
change in the distribution of body fat, it has been suggested that the effects of obesity 
present in adolescence on adult morbidity may be mediated by the changes in 
quantity and location of adipose tissue, particularly the deposition of intra-abdominal 
fat that takes place around this time (Dietz, 1997). 
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3.5 ENERGY BALANCE AND THE PHYSIOLOGY OF BODY WEIGHT 
REGULATION 
Body weight is a function of energy balance. which is determined by energy intake 
and energy expenditure. Obesity develops as a result of small shifts in the energy 
homeostasis, which over time can lead to a gradual but sustained weight gain. 
However, physiological studies on humans and animal models support the notion 
that body weight is regulated by homeostatic mechanisms (Rosenbaum & Lelbel, 
1998). Despite wide variations in energy intake and expenditure ox ci- time, most 
individuals are able to maintain a relatively stable body weight. Lelbel et al. (199-5) 
documented significant compensatory changes in the total energy expcnditure of 
adults in response to a 10% gain of body weight induced by o%ýerfeeding or a loss of 
10-20% of body weight induced by underfeeding. 
Energy homeostasis is accomplished through multiple physiological mechanisms 
(involving the endocrine, gastrointestinal, cardiovascular, central nervous and 
autonomic nervous system) that act to minimize the impact of fluctuations in energy 
intake or expenditure on fat mass, thereby maintaining body weight within a 
relatively narrow range (WHO, 2000). Afferent signals about the body's state of 
nutrition (flow of nutrients, metabolism and storage) are sent to the brain, vvhich ill 
turn translates them into efferent messages that lead to changes in the energy intake 
and expenditure so that the energy stores are maintained. It has been suggested that 
these biological mechanisms operate in an asymmetric fashion, exerting a stronger 
defence against under-nutrition and weight loss than they do against over- 
consumption and weight gain (Blundell & King, 1996). 
3.6 FACTORS CONTRIBUTING TO THE DEVELOPMENT OF OBESITY 
3.6.1 Genetic factors 
Studies indicate that genetic factors are predominantly involved in the observed 
variations in body weight (Perusse & Bouchard, 1999). It is well established that 
obesity runs in families and that obese children often have obese parents (Guillaullic 
et al., 1995-, Maffeis ct al., 1994). Parental obesity has also been shown to be 
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important in predicting children's risk of later adiposity (Mat-reis et al., 1998b). 
Whitaker et al. (1997) found that parental obesity doubles the risk of adult obesity 
among both obese and non-obese children and that the risk xas greatest for children 
under 10 years of age. Stunkard et al. (1990) found similar correlations of BMI (r = 
0.66 and 0.74) in identical twins whether they were raised together or apart. Studies 
of Danish adoptees revealed a strong association betwcen the relatIN-c %Ncight of the 
adoptees and the weight of their biologic parents, but not their adoptive parents 
(Stunkard et al., 1986). 
The level of heritability, defined as the fraction of population variation in adiposit", 
or BMI that can be explained by genetic transmission, is another issue that has been 
investigated. Bouchard et al. (1998) reviewed several twin, adoption and family 
studies and found that heritability estimates depend on how the study was conducted 
and on the type of relatives included. In general heritability levels tend to be highest 
when obtained from twin studies (50-80%) and lowest when derivcd from adoptioll 
studies (10-30%), whereas studies comparing resemblance in BMI between family 
members such as pairs of spouses, parents and children and siblings tend to produce 
inten-nediate levels of heritability (30-50%). Another statistical method developed to 
detennine the heritability level of traits is the Risch's lambda coefficient (kR) (Risch, 
1990). In case of obesity, kR can be defined as the ratio of the risk of being obese 
when a biological relative is obese compared to the risk in the population at large, i. e. 
the prevalence of obesity. Estimates Of kR for obesity based on BMI data from the 
United States' national survey (NHANES-11) have shown that the risk of obesity is 
more than twice in children with obese mothers (kR -2.80) or obese fathers 
=16 1) (Allison et al., 1996). 
There is increasing evidence that genes are also involved in determining the effect of 
various lifestyles and dietary interventions on BMI. Bouchard and colleagues (1990 
S-, 1994) performed a series of experiments to investigate the role of genotype in 
dcten-nining the response to changes in cnergy balance. The researchers subjected 
both members of male monozygotic twins to a positivc energy balance (induced by 
long term ovcrfeeding) or a negativc energy balance (induced bv long tcrin cxcrcise 
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training). The results showed significant changes in body weight and adiposity, but 
the variations in the responses tended to be greater between pairs than A-IthIn pairs, 
suggesting a genetic basis for the susceptibility of individuals to gain or lose Nveight. 
The role of genetics in the development of excess fatness has been further 
demonstrated by the discovery of leptin, the product of the ob gene. Leptin is a 
critical regulator of body fat stores and plays an important role in many animal 
models of obesity. The role of leptin in the aetiology of human obesity is not clear. 
Only a few cases of severe obesity have been shown to be due to a deficiency in 
leptin resulting from mutations in the leptin gene (Montague et al., 1997) or in the 
leptin receptor gene (Clement et al., 1998). Most people, however, do not have 
defects in the genes encoding for leptin or it's receptor and some obese people have 
been shown to have higher leptin levels than lean people (Considine et al., 1996). It 
has been suggested that obesity in humans may be associated with functional leptin 
resistance due to defective leptin transport or alterations in the intracellular signalling 
triggered by leptin binding to its receptor (Hoppin & Kaplan, 1999). Other rare single 
gene defects that have been implicated in human obesity include mutations in the 
prohormone convertase-I gene (PC 1), in the pro-opiomelanocortin gene (POMC) and 
in the melanocortin-4-receptor gene (MC4R) (Perusse & Bouchard, 1999). However, 
it is believed that in the majority of cases, these genes do not act directly to cause 
obesity but rather they increase susceptibility of individuals to weight gain when 
certain environmental influences that have the potential of causing shifts in the 
energy balance equation are present. 
3.6.2 Dietary factors 
Food intake plays a key role in the energy balance equation. It is well known that the 
prevalence of obesity is higher in affluent populations with higher caloric intake than 
in poor regions (WHO, 2000). On the individual level, however, the relationship 
between energy intake and obesity is less clear and there is little evidence to support 
the hypothesis that overeating in adults or children causes obesity. Although relative 
overeating has been reported in some obese individuals, most studies have failed to 
demonstrate that obese children and adults eat significantly more than non-obese 
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children and adult subjects (Rolland-Cachera & Bellisle, 1986; Kromhout et al.. 
1988; Rocandio et al., 2001). However, there has been increased concern over the 
validity of these reports, as obese indi,,., iduals tend to underestimate their food intake. 
A study by Bandini et al. (1990) in which energy expenditure was estimated and 
used to assess the validity of the reported food intake of obese and non-obese 
adolescents, showed that obese adolescents reported only 58% of their eneroý- intake 
compared to non-nal weight children who reported 81% of their intake. 
Dietary fat plays an important role in the development and maintenance of obesitv. 
Nutritional studies indicate that obesity is related to high fat intake in children and 
adolescents (Garaulet et al., 2000; Gazzaniga & Bums, 1993) and in adults (Lissner 
& Heitmann, 1995). Guillaume et al. (1998) demonstrated a strong positiVc 
relationship between obesity and the fat content of diet in 8 to 12 year old children. 
McGloin et al. (2002) compared the energy and fat intake of obese children and lean 
children at high risk and low risk of obesity. The results showed that obese children 
consumed significantly more fat than their lean counterparts. In addition, fat intake 
was a strong predictor of obesity in the children, independent of parental weight 
status. Compared to proteins and carbohydrates, fats provide more calories per gram 
and are more efficiently stored in the body. Furthen-nore, high fat foods are more 
palatable, which often leads to over-consumption. Obese individuals have been 
shown to have a high preference to high-fat foods compared to underweight and 
normal weight individuals (Drewnowski et al., 1991). The physiologic responses to 
high fat meals, which include delayed gastric emptying and increased 
cholecystokinin release, suggest that fat intake may suppress appetite. However, 
experiments in which the food intake of subjects was measured after co'vert preloads 
suggested otherwise. Blundell et al. (1993) found that a 362-kcal carbohydrate 
supplement suppressed appetite when measured 90 minutes after consumption. In 
contrast a 362-kcal fat supplementation had no effect on subsequent appetite, 
resulting in a net increase in energy intake. The role of the macronutrient 
composition on total energy intake was further investigated by the indirect 
calorimctrv study of Stubbs ct al. (1995) in which three manipulated diets which 
werc low, medium or high in fat were used. The results showed that increasing the 
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fat content and energy of the diet led to a substantial increase in the energý- intake of 
subjects. The researchers concluded that fat intake is less well controlled than protein 
or carbohydrate intake and that exposure to a diet with high fat content may be 
responsible for the weight gain in obese individuals. 
3.6.2.1 Dietary behaviours of adolescents 
Adolescence is a time of changes, both biological and psychosocial. It is also the 
time when new dietary habits are acquired, and influence of peer pressure on food 
choices emerge. The diet of adolescents and young people is charactensed by several 
specific eating behaviours, including eating away from home, high intake of fast 
foods, frequent snacking, un-healthy dieting and skipping meals. These behaviours 
may induce adverse nutritional conditions, including overweight and obesity (Bull, 
1988). 
Fast food can be defined as food purchased in self-service or carry-out eating places 
without waiter service. French et al. (2001) examined the associations between 
frequency of fast food restaurant use (FFFRU) and nutrient intake and body weight 
in a large sample of American adolescents. The results showed that FFFRU was 
significantly and positively associated with total energy intake and percentage of 
energy from fat, total fat and saturated fat. FFFRU N,,,, as also associated with higher 
intake of high fat and high sugar food choices such as soft drinks, french fries and 
cheeseburgers, and lower intake of healthful food choices such as fruits, vegetables, 
grains and milk. However, no association was observed between FFFRU and obesity 
in tile adolescents, but a previous study by the same researchers on women 
demonstrated a significant relationship between high consumption of fast foods and 
i, reater body weight (French et al., 2000). 
Skipping meals and frequent snacking are common features of adolescents' eating 
pattern. About 20% of children in Western Europe admit to skipping breakfast 
(Rolland-Cachera et al., 2000). A sLir-\'cv on 13-year-old Australian children shoNýed 
that girls Nvere three times more likely to skip breakfast than boys. In addition, 
children who skipped breakfast Nvei-c more likely to be dissatisfied with their wcight 
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and to have been on a diet than those who ate breakfast (Shaw, 1998). Summerbell ct 
al. (1996) found a significant negati-ve association between energy intake at breakfast 
and BMI in adolescent British girls. In a large study investigating environmental 
factors conti-ibuting to obesity in 4 to 17-year-old Chinese children, Guanshen"' 
(2001) found that children who often skipped breakfast were more likely to be obese 
than those who ate breakfast daily; and children who often consumed fast foods werc 
more likely to be obese. Snacking is an increasingly prevalent eating bellaviour 
among adolescents in Western countries (Jahns et al., 2001). Summerbell et al. 
(1995) compared meals versus snacks in terrns of their contribution to total daily 
energy intake and macronutrient composition. It was found that snacks make a 
relatively high conthbution to the total energy intake of British adolescents (23.6% to 
29.0% of total daily energy intake) and that compared to meals, snacks have a 
relatively high sugar composition and a relatively low fat and protein content. 
It has been suggested that the high incidence of meal skipping and unstructured meal 
patterns observed in the West is the product of modem society, which promotes a 
lifestyle for parents and adolescents that leaves less time for family meals and food 
preparation (Bull, 1988). Data from the Rosetto Study already suggests that social 
cohesion, family ties and the supportive nature of the community may play a 
protective role against coronary heart disease (Egolf et al., 1992) and this may also 
be true for obesity. Having meals with the family may guard against eating calorie- 
dense food and weight gain, which are associated with snacking and eating away 
from home. Thakur and D'Amico (1999) found that obese adolescents were more 
likely to report infrequent meals with the family than non-obese adolescents. Gillmall 
et al. (2000) examined the relationship between the frequency of eating dinner v. 'ith 
the family and eating patterns of US children and adolescents. It Nvas found that 
eating dinner vvith the family was associated . vith higher intake of fruit and 
vcgetables, lower intake of fatty foods and soda, and greater micronutrient and fiber 
consumption; but no significant difference N,,,, as observed In the intake of snack foods 
and red meat. 
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3.6.3 Physical activity 
Physical acti%, ity is a key component of the expenditure aspect of the energy balance 
equation providing a major outlet for daily caloric usage. Studies indicate the 
existence of an inverse relationship between adiposity and physical activity both in 
adults (King et al., 2001; Schulz & Schoeller, 1994) and in children and adolescents 
(Trost et al., 2001; Deheeger et al., 1997; McMurray et al., 2000). Kemper et (11. 
(1999) examined the relationship between the development of fat mass in niales and 
females (12 to 28 years of age) and their lifestyle over time. It \Nýas found that high 
physical activity was associated with reduced risk of developing high fat mass. Usilig 
the doubly labelled water technique to estimate total energy expenditure, Davies et 
al. (1995) observed a significant negative relationship between physical acti%'Ity IC\'cl 
and body fatness in pre-school children. Other investigators, however, found no 
association between physical activity level and children's weight or body fat (Sallis 
et al., 1993; Bar-Or et al., 1998). 
Inactivity is a potential source of energy imbalance. The rapid increase in the 
prevalence of obesity in the industrialised countnes has been accompanied by a 
parallel reduction in physical activity and a rise in sedentary behaviours, suggesting 
that inactivity could be a major factor in the development of obesity (Prentice & 
Jebb, 1995). Inactivity can be defined as a state when body movement is minimal 
and energy expenditure approximates resting metabolic rate (Dietz, 1996). It includes 
sedentary behaviours such as television viewing, reading, talking with friends on the 
telephone or driving a car. One of the most common sedentary behaviours is 
television viewing. Several studies have shown that television viewing was stron, (, ', ]. ý' 
and consistently related to increased risk of obesity in children and adolescents 
(Hernandez et al., 1999; Dietz & Gortmaker, 1985; Andersen et al., 1998). 
Gortmaker et al. (1996) demonstrated a dose-response relationship between the 
number of hours of television viewing and the incidence of obesity. Over a 4-ý'car 
period, adolescents who watched 5 or more hours of television per day were 8 times 
more likely to become obese than those watching for 2 hours or less. Intcr% clition 
studies liave vielded further evidence in support of this relationship. Epstein et al. 
(2000) reported that decreasing TV viewing and other sedentarý' activitics or 
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increasing physical activity produced significant and similar reductions in body 
fatness in children. In a randomised controlled trial, which targeted hours of TV, 
videotape and video games use, Robinson (1999) documented a direct association 
between these activities and adiposity in children. Other studies however, could not 
find a significant association between TV watching time and adiposity in young 
children (DuRant et al., 1994) or in adolescents (Robinson et al., 1993). 
The mechanism by which television viewing can influence body weight is not clear. 
It has been suggested that TV viewing can induce weight gain by reducing total 
energy expenditure secondary to lowering resting metabolism or displacement of 
physical activity (Robinson, 2001). Klesges et al. (1993) observed a significant 
reduction in resting metabolic rate (RMR) associated with television viewing among 
both obese and non-obese children. Other investigators however, failed to detect any 
significant association between RMR and sedentary behaviours such as sitting, 
reading or television viewing (Dietz et al., 1994). Television viewing may contribute 
to weight gain by reducing the opportunity to be outdoors and hence time spent in 
more energy-demanding activities. TV viewing may also promote greater energy 
intake, through encouraging excessive snacking while watching television as well as 
through exposure to TV food commercials. French et al. (2001) found that TV 
viewing was positively associated with frequency of fast food restaurant use in 
adolescents. 
3.6.4 Factors related to the family environment 
Studies of family aggregation of obesity indicate that family environmental 
influences play a significant role in determining risk of overweight among children 
(Maffeis et al., 1994; Birch & Davison, 2001). Familial resemblance in total energy 
intake and adiposity is well documented (Oliveria et al., 1992; Nguyen et al., 1996). 
Feunekes et al. (1998) reported a clear likeness in habitual food and fat intake 
between spouses and between parents and their adolescent children, but not between 
teenagers and their best friends. Fisher and Birch (1995) found that pre-school 
children demonstrate a high fat preference if their parents are obese. Parents may 
influence the food intake of children in a variety of ways, including serving as 
48 
Chapter III: Revi 'eu, of The 1. iterature 
models for dietary habits, persuading or encouraging the child to coiisurne or avoid a 
certain food and by attempting to change the children' eating habits through use of 
restriction, pressure or coercion (Birch & Davison, 2001). Klesges et (11. (1986) 
found that parental prompts to eat were positively associated with time spent eating 
and degree of overweight in children. Johnson and Birch (1994) showed that parents 
who exert excessive control over their children's eating choices may interfere with 
the child's ability to regulate his/her food intake in response to meal size or 
composition. Lee et al. ( 2001) observed a greater use of restnction and pressure to 
eat among mothers of girls consuming a high fat diet than among mothers of (TIrls 
consuming a low fat diet. More recently, Spruijt-Metz et al, (20022) investigated the 
relationship between a mother's child-feeding strategies and a child's adiposity 
assessed by DEXA in a sample of 7 to 14 year-old-children. Results showed that a 
mother's concern for her child's weight was related to higher total fat mass ill the 
child, whereas a mother's pressure to eat was related to lower total fat mass. 
However, other investigators found no significant association between parental 
control over children's eating and overweight in preadolescents (Robinson et al., 
2001). Birch and Davison (2001) have proposed a conceptual model of how familial 
factors influence children's eating and body weight (Figure 3.2). Pathways that 
mediate familial resemblances of overweight include parents' own eating behaviours 
and their parenting practices, which in turn influence the development of children's 
eating behaviours such as food preference, food selection and ability to regulate 
energy intake based on hunger and satiety. In particular, parents who are ovcrNvcight 
or who have problems controlling their food intake may serve as models for children 
developing eating behaviours. In addition, parents who are concerned about their 
child's risk of becoming overweight may adopt controlling feeding practices such as 
restriction and pressure in attempts to reduce risk or to prevent overwcIght M their 
children. However these practices are problematic since they can promote o%, creating 
and consequently weight gain in the children. 
Parents' physical activity is another important famil,,,, environmental factor 
influencing the child's weight status. There is accumulating evidence that children's 
level of physical activity is deten-i-iined to a lar,, c deIgrce by the activitY levc] of their 
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parents (Sallis et al., 1988a; Sallis et al.. 1988b). Using electronic motion sensors to 
compare the rates of activity between children and their parents, Moore et ah 1991 ) 
found that children of acti%ýe mothers or fathers were 2-3 times more likely to be 
active than children of non-active parents. When both parents were actIN-c, their 
children were approximately 6 times more likely to be acti%ýe compared to children of 
inactive parents. Similarly, Fogelholm et al. (1999) found that parental inactivitý' is a 
strong predictor of child inactivity and that the correlation bet"N-een children and their 
parents in relation to inactivity was stronger than that of vigorous activity. Parents 
may influence the physical activity behaviour of their children by being, actiVc 
themselves (modelling) as well as by providing encouragement and support (Lau et 
al., 1990). Genetic factors may also play a role in detennining the child's acti\, it%, 
level. Family and twin studies that have investigated the genetic determinants of 
sport participation and daily physical activity estimated a hentability coefficient 
ranging from 0.29-0.83 (Beunen & Thomis, 1999). 
Figure 3.2. Behavioural mediators of family resemblances in eating and weight 
status 
Parent 
Weight 
Status 
N Child Feeding Practices Restriction Pressure to eat 
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Food Selection 
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Source: Birch & Davison (2001) 
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3.6.5 Perinatal factors 
The prenatal and early postnatal periods have been suggested as critical stages for the 
development of obesity. Several lines of evidence suggest that nutritional alterations 
during these early stages of human development can result in significant 
physiological changes, which predispose indi-viduals to later fatness (Dietz, 1997), 
However, the relationship between fetal nutrition, for which birthweight is used as a 
crude indicator, and subsequent obesity is not clear and inconsistent results ha%, c 
been reported. Barker et al. (1997) found that low birthweight was associated with 
abdominal fatness in adolescent girls as well as with increased risk of hypertension, 
cardiovascular diseases, diabetes and hyperlipidemia in adult life (Barker ct al., 
1993; Barker, 1997). Barker's group hypothesised that reduced growth in-utero rnaý, 
exert a "programming" effect, which leads to long-term changes in body 
composition, physiology and metabolism. In contrast, several other investigators 
have reported the existence of a direct association between birthweight and risk of 
obesity in adolescence (Maffeis et al., 1994; Seidman et al., 1991; Burke et al., 
2001) and in adulthood (Curhan et al., 1996; Rasmussen & Johanssoil, 1998). For 
example, Maffeis et al. (1994) found that high birthweight was a significant predictor 
of risk to overweight in 4 to 12-year-old children, independent of age and parents' 
BMI. Follow-up studies of infants exposed to famine prenatally also support a role 
for intrauterine factors on future adiposity. Ravelli et al. (1976) showed that the 
incidence of obesity was increased in youth whose mothers were exposed to famine 
during the first two trimesters of pregnancy. In contrast, exposure to starvation 
during the last trimester of pregnancy or dunng early infancy was associated \vith 
reduced risk of subsequent obesity. These results were interpreted in relation to 
certain intrauterine events, namely the differentiation of the brain's appetite control 
centre during early and mid-gestation, and adipose tissue cellularity duning the last 
trimester and postnatal period (Dietz, 1994). Exposure to under-nutntion during cýlrly 
gestation niav promote xN-cight gain by interfer-ing with structures involved in 
regulation of energy intake, whereas exposure to over or under-nutrition during late 
gestation or postnatal period can predispose to, or protect against, later obeslt\, 
through influencing fat cell multiplication. This was further supported by the 
obscrvation that intra-uterine diabetes or the use of insuliii by diabetic mothers 
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during pregnancy increases the risk of later obesity in the offspring (Pettitt et al.. 
1983; Whitaker & Dietz, 1998). Such increased risk is independent of matemal 
weight, suggesting that altered intrauterine environment rather than genetic factors 
mediates the effect of maternal diabetes on children's susceptibility to fatness. 
Breastfeeding has been suggested to have a protective effect against the development 
of obesity later in life (Liese et al., 2001; von Kries et al., 1999). In a large sample of 
German schoolchildren 5 to 6 years of age, von Kries et al. (1999) found that the 
prevalence of obesity in breast-fed infants was 2.8% compared to 4.5% in those w1lo 
had never been breast-fed. In addition there was a clear dose-response relationship 
between the duration of breastfeeding and the prevalence of obesity and overweight 
among the children. Recently, Parsons et al. (1999) reviewed studies that havc 
investigated the relationship between duration of breastfeeding and risk of obesity 
measured in children aged 2 to 7 years. Of the six studies reviewed, 3 found no 
relationship, one study suggested a negative relationship, one study suggested a 
positive relationship and one study reported either no or positive association, 
depending on the outcome variable analysed. It was concluded that no clear evidence 
exists for an effect of infant feeding on later fatness in children 2-7 years of age. 
Dietz (2001) has suggested that the age at which the consequences of mode of infant 
feeding become apparent may account for the lack of significant effects in studies 
with relatively short periods of follow-up. Studies in vdiich risk of overweight 
associated with infant feeding practices was measured during adolescence showed 
that breastfeeding provides a significant protective effect against subsequent obesity 
(Tulldahl et al., 1999; Elliott et al., 1997). Gillman et al. (2001) found that children 
who were predominantly breastfed during the first six months of life had a 
significantly lower risk of overweight 9 to 14 years later (odds ratio=0.78,95"0 
CI=0.66-0.91) than those who were predominantly formula fed, independent of sex, 
age, sexual maturity, socio-economic status, energy intake, materrial B%11 aild other 
lifestyle variables. In addition longer penods of breastfeeding (7 months or more) 
were associated with a 20% reduction in risk of overweight than a short period of 
breastfeeding (3 months or less). 
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The mechanism by which breastfeeding protects against the development of obesity 
is not clear. Von Kries et al. (1999) suggested that the protective effects of 
breastfeeding might be related to differential changes in plasma insulin 
concentrations following the ingestion of breast milk or forinula milk. Lucas and co- 
workers (1980) detected a greater increase in after-feed plasma insulin levels in 
bottle-fed infants compared to breastfed-babies. Since insulin stimulates Crlucose 
uptake and promotes fat storage, it was hypothesised that ingesting bottle milk may 
promote adiposity through triggering insulin-induced fat deposition in infancy. 
Alternatively, differences in infants' risk to obesity may be related to overfeeding of 
fonnula-fed infants (Birch & Fisher, 1998). Bottle-feeding promotes greater maternal 
control since the mother can see how much milk the infant has consumed and thus 
may be more inclined to have the infant finish the bottle even when satiated. In 
contrast, breastfeeding allows the infant to have a greater control over the size of the 
feed and consequently a better regulation of energy intake in response to internal 
signals of hunger and satiety. 
3.6.6 Socio-economic influences and other factors 
Socio-economic factors are one of the most extensively studied environmental 
deten-ninants of obesity. This is mainly because of their potential to affect many 
other variables influencing child weight status. However, the relationship between 
social factors and childhood fatness is still equivocal, with some studies reporting a 
significant relationship (Rolland-Cachera & Bellisle, 1986) and others not finding a 
relationship (Sobal & Stunkard, 1989). In a comprehensive review that included 144 
studies from different countries worldwide and different age groups, Sobal and 
Stunkard (1989) found a strong negative relationship between socio-economic status 
(SES) and fatness in women from the developed societies. Among men and children, 
however, no clear relationship was detected. In contrast, studies from the developing 
countries were more consistent, reporting a direct association between SES and 
obesity in both men and women and in children. Recently, Parsons et al. (1999) 
reviewed the role of childhood environmental factors, including SES, in later obesit'v. 
Socio-economic status in childhood was defined on the basis of parents' education. 
occupation and/or income. Almost all of the longitudinal studies revievved showed a 
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strong negative relationship betvveen SES in childhood and fatness in adulthood. 
Men and women with a lower social class of origin (i. e. during childhood) had a 
greater risk of adult obesity than those from higher SES backarounds, suggesting that 
socio-economic environment in childhood is an important factor influencing the risk- 
of the development of adult obesity. Studies in which the risk of subsequent obesity 
was measured in childhood showed a similar but somewhat less consistent trend. 
Social class can influence energy balance through its effects on behaviours. Lower 
SES individuals may eat more calories or eat a higher fat diet. Rolland-Cachera and 
Bellisle (1986) found that the higher prevalence of overweight among French 
children from lower social classes was related to their traditional diet, which is 
characterised by greater calorie intake. Physical inactivity of low SES children 111aý' 
also be an important consideration in the risk of overweight. A studý' conducted to 
examine the influence of physical activity (PA), TV viewing, video game playuwl, 
SES and ethnicity on the weight status of adolescents showed that SES was an 
important determinant of BMI (McMurray et al., 2000). When SES and ethnicity 
were adjusted for, no significant relationship was found between overweight and 
television viewing or video game playing, but the association bet-ýN'een PA and 
obesity persisted. It was concluded that physical inactivity rather than PA habits 
might be responsible for the observed SES-obesity relationship in adolescents. 
The SES-obesity relationship may be a sign of educational and cultural differences. 
High SES persons may have a greater access to health inforination, more 
opportunities to engage in leisure time physical activities, a greater variety of low fat 
foods and may have different nonns and expectations regarding personal appearance 
and lifestyle than low SES individuals. Jeffrey and French (1996) showed that 
among women, social class was positively related to healthy weight control practices 
(such as reducing energy and fat intake and increasing exercise) and weight 
concerns, but was negatively related to energy intake and fat intake. Story et al. 
(1995) examined differences in perception of body weight, unhealthy eating 
behýiviours and weight control methods among 36,320 male and female adolescents 
of vanous ethnic and socio-economic subgroups. It was found that male and female 
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adolescents of high SES were less likely to use unhealthy weight control practices 
such as binge eating and vomiting compared to low SES adolescents. The study also 
showed that among girls, higher SES was associated with perception of overNN cl, -, ht, 
frequent dieting and adoption of healthy eating and exercise behaviours. These 
results support the argument that higher SES individuals engage in hcalthicr 
lifestyles that are reflected in a vanety of behaviours. 
Psychological conditions have been suggested as possible underlying factors that 
may explain the pattern of the SES-childhood obesity relationship observed in the 
developed world (Power & Parsons, 2000). Emotional problems during childhood 
may be associated with increased risk of obesity later in life. Lissau and Sorensen 
(1994) documented a 7-fold increase in risk of obesity at age 20 years for children in 
a non-supportive home environment and a 10-fold increased risk of obesity in 
children who were neglected. The authors hypothesised that parental neglect may 
lead to children developing psychological states that affect their \ý, eight status bý' 
altering behaviours, such as promoting overeating and decreased physical actk'Ity. 
Emotional deprivation and psychological trauma may also trigger stress responses 
through activation of the hypothalamic-pituitary-adrenal axis, which in turn can 
predispose to abdominal obesity. 
Alternatively, the SES-obesity relationship could be related to differences in body 
image. The way people view their body and how they feel about their body may 
affect the way they respond to weight changes and weight control. Obesity may be 
differently viewed in different cultures and ethnic groups. Several studies have 
shown that white or high-SES adolescents exhibited greater dissatisfaction with their 
body size than black or low SES adolescents (Desmond et al., 1989; Kemper cl al., 
1994; Story ct al., 1995). Kemper et al. (1994) found that the female body sizc 
considered ideal by black teenage girls was significantly larger than the size selected 
as ideal bv their white counterparts. Black girls were also twice as likely as \'ý'hlte 
ý'irls to describe themselves as thinner than other girls their age, and seven times 
more likely to say that flicy were not o\'cr\vc1(_1lit. 
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3.7 CONSEQUENCES OF OBESITY 
The health consequences of childhood and adolescent obesity are many and vaned. 
ranging from social and psychological problems to metabolic disturbances and 
increased risk of adult morbidity and mortality. Childhood obesity often persists into 
adulthood and many of the metabolic side effects of obesity are already evident in 
overweight children. Increased growth and early maturation is another common 
effect of childhood obesity. Less common consequences include orthopaedic 
problems, gallstones, liver disease, sleep apnea, and psuedotumor cerebri. Table 3.2 
lists some of the complications of childhood and adolescent obesity. 
Table 3.2. Health consequences of childhood and adolescent obesity 
High prevalence Intennediate prevalence Loxv prevalence 
Faster growth 
Psychosocial problems 
Adult obesity 
Dyslipidemia 
Elevated blood pressure 
Hepatic steatosis 
Abnormal glucose metabolism Sleep apnea 
Adult obesity 
Orthopaeclic problems 
Pseudotumor cerebri 
Cholelithiasis 
Hypertension 
Polycystic ovary syndrome 
Source: WHO (2000) 
3.7.1 Effect on growth 
Overweight children tend to be taller and mature earlier than non-nal weight children. 
In a longitudinal study on children who developed obesity during childhood, Forbes 
(1977) observed a tendency for height gain to accelerate coincident with or shortly 
after excessive weight gain. Early maturation, deten-nined by skeletal age. peak 
height velocity and age at menarche have been shown to be associated with increased 
fatness in later stages of life (van Lenthe et al., 1996). The timing of maturation 
appears to be determined by both genetic and environmental factors. Frisch and 
McAilhur (1974) suggested that the onset of menarche in girls depends on the 
5 () 
Chapter III. - Review of The Literature 
presence of a critical mass of body fat and that this critical level of adipositý- ma,., - be 
responsible for the cessation and resumption of menstruation in , vomen %N Ith 
anorexia nervosa before and after treatment. More recently, Chebab and co-workers 
(1997) observed that mice treated with leptin demonstrated earlier fertilitý' than 
untreated mice, suggesting a possible role of adiposity in the onset of reproductive 
functions. In a longitudinal study that examined changes in plasma leptin 
concentrations and body fat mass dunng adolescence, Ahmed et al. (1999) detected 
sexual dimorphism in leptin levels in adolescents, which paralleled that seen in body 
composition. The authors concluded that leptin might play an important role in the 
initiation of puberty. 
3.7.2 Metabolic disturbances 
Childhood and adolescent obesity is associated with a wide variety of metabolic sidc 
effects , including dyslipidemia, altered glucose tolerance, insulin resistance and 
hyperinsulinernia (Freedman et al., 1999a). Dyslipidemia is a metabolic state in 
which plasma levels of triglycerides JG), low-density lipoprotem-cholesterol (LDL- 
Q and high-density lipoprotein-cholesterol (HDL-C) are abnormal. In obese children 
dyslipidernia is characterised by elevated plasma levels of TG and LDL-C and 
reduced concentrations of HDL-C. These obesity-induced metabolic alterations are 
not only evident in the obese child but can also track into adulthood. A 14-year 
follow-up study of 783 children aged 13 to 17 years (The Bogalusa Heart Study) has 
shown that compared to their lean counterparts, subjects who were overweight 
during adolescence had a 2.4,3 and 8-fold increase in the prevalence of high risk 
values for total cholesterol, LDL-C and HDL-C during adulthood, respectively, 
(Srinivasan et al., 1996). The study also showed that being over-NvCight in 
adolescence was associated with adverse levels of insulin, glucose and blood 
pressure later in life. 
Glucose intolerance and NIDDM are among the most frequent side effects of adult 
obesity and recent cvidence suggests that the prcvalence of these disorders is also 
increasing in obese children and adolescents. A study from a children's hospital in 
the United States has docurnented a 10-fold increase in the incidence of NIDDNI 
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among adolescents between 1982 and 1992 and that the vast vidjonty (90%) of the 
diabetic children were obese (Pinhas-Hamiel et al.. 1996). Data from the Bo, -, alusa 
Heart Study showed that all of the subjects who showed evidence of diabetes as 
adults were overweight during adolescence (Srinivasan et al.. 1996). 
The mechanism by which childhood obesity predisposes to NIDD. %1 is not 
completely understood. Excessive fatness in pubertal children has been shoNN-n to be 
associated with hyperinsulinernia and changes in sensitivity to insulin (Steinberger et 
al., 1995; Sinaiko et al., 2001). These endocrine disturbances are belieý-ed to play a 
key role in the pathogenesis of syndrome X (also called insulin resistance syndrome). 
Syndrome X is a multiple metabolic disorder that is commonly seen in obese adults. 
It is charactensed by the co-presence of hypertension, hyperinsulinemia, insulin 
resistance, and dyslipidemia. In adults, syndrome X predisposes to NIDDM and 
CVD and several lines of research suggest that many of its metabolic abnormalities 
originate in childhood. Stemberger et al. (2001) observed a strong longitudinal 
relation between adiposity in childhood and insulin resistance in young adulthood; 
BMI at age 13 years was negatively correlated (r-- -0.5, P= 0.006) Nvith insulin- 
induced glucose utilization, assessed using the euglycemic insulin clamp technique. 
A more recent community-based longitudinal study, \\'hich included a cohort of 745 
subjects aged 8-17 years, showed that the prevalence of clustering of abnormalities 
associated with syndrome X among adults increased with increasing levels of 
childhood BMI and insulin. The multivariate analysis showed that both obesity and 
insulin levels during childhood are significant and independent factors associated 
xvith the risk of developing syndrome X in adulthood (Srinivasan et al., 2002). 
3.7.3 Effect on blood pressure 
Tile adverse impact of childhood and adolescent obesity on blood pressure IcN-cls is 
well recognised (Freedman et al., 1999a-, Leccia et al., 1999: 'Williams et al., 1992). 
Although hypertension is a somewhat uncommon disease in the paediatnc 
Population, a significant proportion (56%) of children xvith elevated blood pressure I 
are obese (Rames et al., 1978). Figueroa-Colon et al. (1997) found that 
approximately 20% to 300-o of obese children ýigcd 5-11 ý-cars have elcvated systolic 
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(SBP) or diastolic blood pressure (DBP). Furthermore, childhood obesity is a 
powerful predictor of adult blood pressure. Lauer and Clarke (1989) found that obese 
adolescents were 9 to 10-fold more likely to develop high blood pressure as young 
adults than non-obese children. These findings were in agreement with the results of 
Srinivasan et al. (1996), who documented an 8.5-fold increase in nsk of adult 
hypertension among overweight adolescents, compared to their lean counterparts. 
The effects of obesity present in adolescence on blood pressure levels may be related 
to the accumulation of abdominal fat that occurs around the time of puberty. Shear 
et al. (1987) have documented a significant positive association between central 
obesity as measured by subscapular skinfold and blood pressure in children and 
young adults, which persisted even after controlling for triceps skinfold. Lurbe et al. 
(2001) used ambulatory BP monitonng to assess the impact of obesity and body fat 
distribution on BP in children and adolescents. Results showed that casual and 
ambulatory SBP were positively correlated with height, weight, the ponderal index, 
triceps and subscapular skinfold, and WHR. When multiple regression analysis was 
perfon-ned, WHR rather than obesity or body size parameters was the 111ain 
deten-ninant of ambulatory BP. When these researchers evaluated the relationship 
between WC and SBP, waist dimension was found to be positively and 
independently related to SBP, indicating a role for central obesity in elevated blood 
pressure. However, other researchers could not detect a significant influence for 
fatness or fat patterning on blood pressure in adolescents (Stallones et al., 1982-, 
Leccia et al., 1999). 
It has been postulated that obesity contributes to hypertension by causing 
hyperinsulinemia, increased sympathetic nervous system activity and activation of 
the renin-angiotensin system, all of which can lead to enhanced renal absorption of 
sodium and reduced natriuresis. Sodium retention results in extracellular fluid 
expansion and increased cardiac output, which ultimately lead to hypertension (Hall, 
1997). Rocchim (1989) investigated the role of sodium in the regulation of BP in 
obese and non-obese adolescents. The adolescents were subjected to a 2-NN-eek penod 
of a 111A salt diet and a low salt diet, and the mean arterial pressure was compared as 
subjects werc switched from high to low sodium diet. It was found that obese 
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adolescents demonstrated a significantly larger decrease in blood pressure than the 
non-obese. Plasma insulin, aldosterone and nor-epinephnne levels, and percent body 
fat were all significantly associated with the degree of sodium sensitivity. It was 
concluded that the blood pressure of obese adolescents is more dependent on dietarx 
sodium than that of lean adolescents and that this sensitivity may be due to the 
combined effects of the hyperinsulinernia and increased activit", of the svillpathetic 
nervous system. 
3.7.4 Persistence into adulthood 
The risk of childhood obesity and its continuation into adulthood is now NN'cll 
recognized (Must & Strauss, 1999). About a third of obese pre-school children and 
about half of the obese school-aged children become obese as adults (Serdula et al., 
1993). In a longitudinal study that assessed the risk present in childhood for adult 
obesity, Guo et al. (1994) found that the odds ratio for obesity at age 35 years 
increased from about 2 for boys and girls who were obese between the ages of 1-6 
years, to 5 to 10 for children who were obese at ages 10-14 years. The odds for 
subsequent obesity at ages 16-18 years were even higher, ranging from 6 to 57. 
Srinivasan et al. (1996) found that the risk of overweight adolescents remaining 
overweight as young adults ranged from 50% to 60%. However, a recent 
longitudinal study, which involved 932 subjects from Newcastle, UK, found little 
evidence of obesity tracking from childhood to adulthood. BMI at age 9 years was 
strongly correlated with BMI at age 50 years, but was not correlated with percent 
body fat. The authors suggested that the observed association between childhood 
obesity and adulthood obesity may be due to tracking of body build rather than 
fatness (Wright et al., 2001). 
Sex, age, degree of fatness and family adiposity all appear to be important factors in 
determining the degree of persistence of fatness. Overweight female adolescents 
have a greater likelihood of continued obesity into adult life than overweight 1-nale 
adolescents. Braddon ci al. (1986) found that among individuals who Nvere obese at 
the age of 36 years, 14% of males and -332% of 
females Nvere obese at the age of 14 
years. Srinivasan et al. (1996) found that the risk of becoming an oven\ýcight adult 
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was greatest among children who were ovemýeight at or around puberty and anion-, -, 
those who were at higher levels of obesity. Rolland-Cachera et al. (1987) found that 
the age of adiposity rebound in children predicts adult BML A longitudiiial study in 
which the odds ratios across childhood for the risk of adult obesitY were examined. 
showed that the probability for the persistence of obesity increases xvith the a, -, c ol- 
the obese child, and when both parents are obese (Whitaker et al., 1997). 
3.7.5 Risk of adult morbidity and mortality 
Adolescent obesity is associated with increased morbidity and mortality in adult lifc. 
Mossberg (1989) showed that excessive overweight in puberty was associated NN'Ith 
higher than expected mortality and morbidity in adult life compared Nvith the national 
statistics. Must et al. (1992) conducted a 55-year follow-up study to assess the 
impact of adolescent obesity on adult mortality and morbidity. The studý, included 
508 adolescents (aged 13-18 years). Overweight subjects %verc defined as those NvIth 
a BMI value >75th percentile, whereas lean subjects were those xvith BMI between 
25th-50th percentile of reference. The results revealed that death from coronary heart 
disease (CHID), atherosclerotic cerebrovascular diseases and colon cancer ývcrc 
increased among men but not women who were classified as obese during 
adolescence. The relative risk of all-cause mortality was 1.8 (95% CI=1.2-2.7) and 
for CHID mortality was 2.3 (95% Cl =1.4-4-1) in men, who Nvere obese as 
adolescents, compared to those who were lean. MultiN, ariate analysis showed that the 
elevation in risk of mortality was independent of adult NN, 'eight status or smoking, 
since adjustment for these variables did not significantly affect the obserNed risks. 
The same study also showed that in both men and women, rates of occurrence of 
CHID, atherosclerosis, diabetes, hip fracture and gout are increased in subjects Ný'ho 
were overweight in their teens. Except for the risk of diabetes, which becamc 
neoligible, the risks of these diseases were only slightly reduced after controlling for 
adult NN-cight. 
Childhood and adolescent obesity may influence the risk to adult disease through its 
effects on the child's blood pressure and lipid profile. Freedman and colleagues 
(1999a) found that ovcrwcight children Nvere more likely than tiornial weight 
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children to have adverse plasma leý'els of total cholesterol, LDL-C, TG and HDL-C. 
Furthen-nore, Srinivasan et al. (1996) observed that the relationship between these 
metabolic abnormalities and being overweight tends to track -ývith age. It is likely 
therefore, that CVD risk factors present in the obese child or adolescent will persist 
into adulthood, thus predisposing to, or causing, adult disease. 
3.7.6 Psychosocial consequences 
Opinions regarding the social impact of obesity tend to vary among both individuals 
and societies. In developing societies, obesity may not be associated with widespread 
psychosocial problems since fatness is still viewed as attractive or as a sign of 
prestige and affluence. In the western countries, however, psychosocial problems are 
the most prevalent immediate consequences of childhood and adolescent obesity. 
Obese children often become targets of discrimination by adults and peers, and they 
are most likely to be described as lazy, lying, sloppy, ugly and stupid (Must & 
Strauss, 1999). Cross-sectional and longitudinal studies of obesity in children havc 
demonstrated an inverse relationship between self-esteem and obesity (Klesges cl al., 
1992; Hill et al., 1994). However, a review by French et al. (1995) showed that only 
13 of the 25 published cross-sectional studies demonstrated a significant impain-nent 
in self-esteem in obese children, with the clearest effect occurring in adolescents 
(aged 13-18 years). A less consistent pattern was observed in those aged 7-12 years. 
One possible explanation for this age-related difference in the strength of self- 
esteem-obesity relationship is that self-image is derived from parental messages in 
young children whereas in adolescents it is mainly influenced by the culture. 
Obesity during adolescence may affect a person's future social perforinance and 
economic mobility. In a 7-year follow-up study that included a sample of 10,039 
randornly selected American subjects 16 to 24 years of age, Gortmaker et al. (1993) 
found that women who Nverc overweight as teenagers completed less ycal-s of 
advanced education, had a lower household income, \vere less likely to marry and 
had double the rate of poverty compared to women who were initially of normal 
Wclilht. Furthen-nore, these associations persisted when socio-economic 
I in characteristics of the family of ongin wcre controlled for, suggsting that obesit'-y i 
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adolescence was an important cause, rather than a consequence. of socio-economic 
status. 
3.7.7 Other health consequences 
Most of the complications of childhood obesity manifest themselves in adult life. 
However the obese child may suffer from serious morbidities such as hepatitis. 
gallstone fori-nation, sleep apnea, skeletal disorders and increased intra-cranial 
pressure (Must & Strauss, 1999). These diseases, however, are largely restricted to 
the severely obese and are mostly of low prevalence. 
3.7.7.1 Hepatic steatosis and gallstone formation 
Hepatic steatosis is a condition that is characterised by increased accumulation of fat 
in the liver. High plasma levels of hepatic enzymes are often seen in obese children 
and adolescents. Based on increased alanin aminotransferase actiNity, Tazawa et (11. 
(1997), found that 24% of obese children demonstrated evidence of liver steatosis. 
Both obesity and duration of obesity appear to be important factors. Obesity also 
increases the risk of gall bladder stone fon-nation (Maclure et al., 1989). This appears 
to be related to the increased cholesterol saturation of the bile relative to its acid and 
phospholiplid content, resulting in a greater likelihood of gallstone fori-nation. 
Gallstones occur less frequently In obese children and adolescents than In adults. 
Nonetheless,, obesity accounts for less than one third of the cases of cholelithiasis 
observed in children (Must & Strauss, 1999). 
3.7.7.2 Sleep apnea 
Sleep apnea is another problem that seems to be related to childhood obesity. Marcus 
et al. (1996) evaluated pulmonary complications in a group of 22 obese children and 
adolescents. Results showed a high prevalence of sleep-disordered breathing, but in 
the majority of cases it was mild. In a study involving obese children (body v'ýeight 
>I 50% of ideal Nvcight), Mallory et al. (1989) found that about one third of the obese 
children with a history of breathing difficulties had symptoms consistent N'ýIth sleep 
apnea, and approximately one third had abnormal sleep studies. 
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3.7.7.3 Orthopaedic complications 
Obese children are at risk of developing a variety of skeletal disorders. Thi is s 
because of their soft cartilaginous bones and the presence of unfused growth plates. 
Blount's disease, which involves bowing of the tibia and femurs and ox., ergrowth of 
the medial aspect of the tibial metaphysis in response to excess v"eight bearing, has Zý 
been found to be associated with obesity in children. The prevalence of Blount's 
disease is low, but approximately 80% of children with Blount's disease are obese 
(Dietz et al., 1982). Slipped femoral capital epiphysis is another orthopaedic problem 
associated with childhood obesity. It occurs as a result of increased weight on the hip 
joint, which predisposes to dislocation at the femoral growth plate and consequently 
damage to the femoral head (Must & Strauss, 1999). 
3.7.7.4 Pseudo-tumour cerebri 
Pseudotumor cerebri is a rare idiopathic disorder of childhood and adolescence. It is 
characterized by increased intra-cranial pressure leading to headaches, vomiting and 
blurred vision. It has been suggested that the rise in the intra-abdominal pressure 
(secondary to excess abdominal fatness), and the resultant increase ill cardiac filling 
pressure, act to increase the resistance to venous return from the brain, thereby 
causing the intra-cranial pressure to be elevated (Sugerman et al., 1997). 
Pseudoturnor cerebri appears to be associated with obesity in both adults and 
adolescents and about 30% of adolescents with idiopathic intra-cranial hypertension 
are obese (Scott et al., 1997). 
3.8 CLINICAL ASPECTS OF REGIONAL BODY FAT DISTRIBUTION 
In adults, intra-abdominal fat has emerged as the clinically relevant adipose tissue 
associated with metabolic disturbances leading to diabetes and cardiovascular 
diseases (Bjomtorp, 1992). Recent evidence suggests that this may also be the case in 
children (Goran & GoNver, 1999). Changes in body composition are known to occur 
during adolescencel Nvith girls gaining more fat mass and boys gaining more lean 
mass. In both sexcs, fat redistributes from peripheral regions to more central regions, 
but the abdominal fat accumulation is more pronounced in boys than in girls. The 
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development of obesity at this time may therefore predispose adolescents to 
increased visceral fat accumulation. Excess abdominal fatness in adolescence has 
been shown to be associated with a number of cardiovascular risk factors that arc 
known to cluster with obesity (Gillum, 1999; Daniels et al., 1999). Freedman el al. 
(1999b) found that excess accumulation of fat in the abdominal region in children, 
quantified using WHR or WC was positively related to adverse concentrations of 
insulin and lipids, independent of weight, height and age. Daniels et al. (1999) 
evaluated the effect of adiposity and fat distribution,, assessed using DEXA on CVD 
risk factors , in a group of 127 children 
between 9 to 17 years of age. The results 
revealed that abdominally located fat was significantly and independently related to 
plasma TG, HDL-C, SBP and left ventricular mass. DEXA and anthropometric 
measurements (such as WHR and WC), are both indirect measures of IAF. This is 
because IAF lies within the abdominal cavity and therefore can only be quantified by 
imaging techniques like MRI. In one study in which this technique was used to 
examine the relationship between regional fat distribution and lipid profile in obese 
and non-obese adolescent girls, Caprio et al. (1996) documented a positive 
association between IAF mass and TG and LDL-C levels, and an inverse relationship 
with HDL-C concentration in obese adolescent girls. IAF has also been shown to be 
directly correlated with basal insulin and glucose-stimulated insulin levels, and 
inversely correlated with insulin sensitivity in obese adolescent females (Caprio & 
Tamborlane, 1999). 
The mechanism by which IAF accumulation influences these cardiovascular risk 
factors is not completely understood. Subjects with greater IAF have lower insulin 
sensitivity, resulting in higher circulating insulin levels and elevated plasma-free 
fatty acids concentrations. This insulin resistance enhances lipolysis and transport of 
free fatty acids to the liver, which in turn may promote hepatic triglycerides and 
cholesterol synthesis (Caprio & Tamborlane, 1999). Insulin resistaiice and 
hyperinSUlinemia may also influence the activity of lipoprotein lipase and hepatic 
lipase, resulting in decreased maturation and increased catabolism of HDL-C. 
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In summary, childhood and adolescent obesity is a matter of great public health 
concern. This is because obese children tend to become obese adults, facing 
increased risk of diabetes and cardiovascular diseases. Parental obesity has been 
suggested as an important factor contributing to obesity in children and adolescents. 
However, genes do not directly cause obesity but rather they increase susceptibility 
to fat gain in subjects exposed to a specific (high-risk) environment. Diet 
composition, in particular high fat intake, decreased physical activity level and 
increased TV viewing have all been identified as relevant risk factors of obesity in 
children and adolescents. In addition the family environment including parents' 
dietary habits and lifestyle may also play a role in determining children's food 
preferences and physical activity behaviours, and consequently risk of obesity. 
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CHAPTER IV: SUBJECTS AND METHODS 
In order to determine the true prevalence of obesity among Bahraini adolescents. a 
sample of 506 intermediate and secondary school students of both sexcs and between 
the ages of 12 to 17 years was selected by multi-stage random sampling technique 
from the 4 Governorates of Bahrain. The study also investigates the association 
between obesity among adolescents and various contnbuting factors such as soclo- 
demographic characteristics, dietary behaviours and physical activity patterns. The 
relationship between parental obesity and family environment, and adolescents' risk 
of obesity was examined in a separate case control study (the family environment 
study), which included a sub-sample of obese and non-obese adolescents and their 
parents. 
Three types of observations/measurements were made: 
I. Anthropometric measurements 
2. Blood pressure measurements 
Questionnaires 
This chapter provides a detailed description of the study design, setting and 
procedures, and measurements used in the study. 
4.1 STUDY DESIGN 
The study was a cross-sectional descriptive / analytical study. It was carried out in 
the period between September 2000 and March 2001, and included Bahraini male 
and female intermediate and secondary school students between 12-17 years of age. 
Multi-stage stratified random sampling technique was used to obtain a population- 
representatl%, e sample of appropriate size, to provide an adequate estimate of the 
prevalence of obesity among the adolescents. The study also investigated factors 
contributing to obesity in the participants. 
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4.1.1 Study setting 
The Kingdom of Bahrain is divided into 4 governorates: Capital, Muharraq, Northeni 
Region and Southern Region (see map in Appendix I B). Each governorate is divided 
into several areas (residential or others). The setting of the stu&, was the 
Government' s male and female intermediate and secondary schools v., ithin the four 
governorates of Bahrain. School education in Bahrain consists of 12 grades divided 
into three educational levels, namely primary (grade I to 6), intermediate (grade 7.8 
and 9) and secondary (grade 10,11 and 12). Education in Bahrain is free ill all its 
levels and places are provided for every child reaching the age of six. About 94"0 of 
the school-aged children in Bahrain are enrolled in the Goverrimental schools. 
4.1.2 Target population 
The target population of the study was Bahraini school students between 12-17 years 
of age of both sexes. To ensure that the appropriate age groups and various strata of 
the target population are represented, the sample was selected from all the 
educational grades within the inten-nediate and secondary school and from all the 4 
geographic areas of Bahrain. 
4.1.3 Eligibility criteria 
The inclusion criteria comprised all of those Bahraini national male and female 
students in the Government's inten-nediate and secondary schools and between the 
ages of 12 and 17 years. 
Exclusion criteria included all students of private schools, all those under the age of 
12 years and those over the age of 17 years, as well as non-Bahrainis. Non-Bahrainis 
were cxcluded because they are known to have different dietary habits, lifestyles and 
ethnicity compared to Bahraini natives (Musaiger et al., 2000a). Furthen-nore most of 
the non-Bahrainis are expatriates who are temporary residents. Thcy often come 
looking for better job opportunities and higher income rates. After spending a period 
of time in the country, and once their objectivc is fulfilled, they rcturn to their 
homelands. 
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4.1.4 Sample size calculation 
4.1.4.1 The cross sectional study (prevalence study) sample 
The aim of this study was to determine the prevalence of obesity among Bahraini 
adolescents from a representative population with some precision. Hence, assuming 
an expected prevalence of 20% and a desire to estimate the prevalence within --t 51, ý ol' 
the true estimate and with 95% confidence level, the sample size was calculated 
using the following equation (Kirkwood, 1988): 
1.96 2 X[ P (1 - p) /d 
where, n= the required sample size 
p= the assumed prevalence (0.2) 
d= the level ofprecision (0.05) 
Solving the equation, the required sample number (n) = 246 
The estimated sample size was re-estimated using EPI INFO version 6. Given a 
population size of 52,754, expected prevalence of 20% (± 5% as the worst 
acceptable) and a 95% confidence level, the sample size was found to be 245. 
Since the study is based on a multi-stage stratified random sampling technique, the 
calculated sample size was adjusted (in order to obtain the same precision) by 
multiplying it by 2 (the design effect factor). 
245 x2= 490 plus 10% (to account for losses) = 539 
A sample of 540 Bahraini male and female students aged 12-17 years and 
representing approximately 1% of the total enrolment for the academic year 2000- 
2001 (52,754) was included in the study. 
4.1.4.2 Case control study (family environment study) sample 
A sub-sample of obese and non-obese adolescents chosen from the cross-scctional 
study, and thcir parents, Nvere recruited into the case-control (family environment) 
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study. The required sample size was calculated using EPI INFO version 6-statistical 
package. It was expected that the prevalence of obesity among parents of the non- 
obese adolescents was about 30%. Thus, to detect differences if parental obesity was 
associated with a 2.4-fold (OR=2.4) increase in risk of obesity among the children, 
the number of cases and controls that needed to be studied to give an 85% poNk'er of 
achieving a 5% significance level, was found to be 109 in each group. The sub- 
sample size estimated for prevalence of parental obesity as well as other variables is 
presented in Table 4. L 
Table 4.1. Estimation of sub-sample size of the family study 
Power Variable Exposure in Odds Sub-sample 
Non-obese ratio size 
85% Prevalence of obesity among parents 30% 2.4 109/109 
85% ý! 14 hrs of TV viewing/ week 25% 2.5 106/106 
85% Eating breakfast daily 60% 2.5 115/115 
All the obese adolescents (144) identified in the prevalence study (using the WHO 
(1995) criteria of BMI for age and skinfold for age), and their parents, were enrolled 
in the case control study. An equal number of sex and age matched non-obese 
adolescents (ý! 5th to <85th percentile of BMI for age), and their parents, were also 
enrolled. Matching of cases began from the extreme ends of the BMI distribution 
data of the non-obese group for each age category and for each sex. 
4.1.5 Sampling 
The study was based on a multi-stage random sampling. In order to achieve a 
representative sample, a hierarchy for the sample frame, which provides access to the 
sample selection, was designed. The primary level of the hierarchy was divided into 
units, which comprised the frame for the next level of the hierarchy (Figure 4.1). 
Bahrain was first divided into 4 geographic areas (which are the same as the fore- 
mentioned four governorates of Bahrain) and the schools within each geographic 
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area were divided into 4 groups according to the educational IeN, el (inten-nediate and 
secondary) and the sex of students as follows: 
Group 1: Boys' secondary schools 
Group IL Boys' inten-nediate schools 
Group III: Girls' secondary schools 
Group IV: Girls' inten-nediate schools 
Approximately I% of the total number of students per group per geographic area was 
recruited in the study. In order to select the sample, the schools in each group were 
first numbered and then depending on the student population density, I or 2 schools 
were randomly selected from each group within each geographic area. Twenty four 
schools out of a total of 82 (29%) were included (Appendix 2A and 213). Using, the 
school's records, a systematic random sample was drawn from each of the 3 grade 
levels within the selected schools. 
Of the original 540 subjects selected from school records, 9 (1.7%) were absent on 
the day of the data collection, 14 (2.6%) were excluded because their ages, when 
later venfied against school records, were found to be either below or above the 
study entry criteria (12-17 years) and a further 9 (1.7%) were excluded from the final 
analysis because of diseases (2 kidney disease, I haernophilia and 6 sickle cell 
anaemia). Only two students (<I%) refused to participate in the study. In total 34 
were excluded and five hundred and six adolescent (249 males and 257 females) 
were enrolled into the study. 
The relationship between obesity in the adolescents, parental obesity and family 
enN, ironment was investigated in a separate case control study involý'Ing 214 
adolescents and their parents. Of the original 288 participants, which included all of 
the obese cases (144) identified in the cross-sectional study, and an equal number of 
sex and age-matched non-obese, only 214 adolescents (107 obese and 107 non- 
obese), and their parents, participated in the case control study. No contact (wrong 
telephone number, no reply, telephone out of service) could be made with 46 (10() 6) 
of the families, 19 families refused to participate (7'/, o). and a further 9 (3%) Nvcre 
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excluded because of inability of the mother to attend the inten-iew because of 
unavoidable circumstances (illness, deliven', travelling abroad). All inteniews wel-c I 
conducted with the mother (primary caregiver), except for three interviews (since the 
mother was not alive), which were held with the child's father or grandmother. I 
A diagram showing the adolescent population sample included in the cross-sectional 
and case control study is presented in Figure 4.2. 
Figure 4.1. Schematic presentation of the sampling frame 
Kingdom of Bahrain 
Student population for academicyear 2000-2001 [52,754] 
Governorates (4) 
(Capital, Muharraq, Northern Region, Southern Region) 
Each Governorate 
(I or 2 schools randomly selectedper educational levelper sc. v) 
Each School 
Three grades 
Each grade 
(ývstematic sample of students) 
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Figure 4.2. Summary diagram showing the study population sample included in 
the prevalence study and the family environment studN, 
Total sample 15401 
Excluded 
9 absent 
14 over/under age 
9 111 
2 refused 
34 = Total 
Male and female adolescents (12-17 yrs) included in the final analysis of the 
prevalence study [5061 
Obese and non-obese to be recruited in family environment study [2881 
Lost 
46 no contact 
19 refused 
9 unable to attend interview 
74 = Total 
Obese 11071 and non-obese 11071 adolescents' families included in the final analysis 
of the family environment study [2141 
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Table 4.2 summarises the percentage distribution of the adolescent Bahraini 
population by age compared to the study sample. The Bahraini population data, 
obtained from the Central Statistics Organisation in Bahrain, was based on the latest 
population census of 2001. Chi square test showed that there was no statistically 
significant difference between the study sample and the general population in the 
distribution of adolescents by age (P--0.8 in males and P--0.9 in females), suggesting 
that the study sample was representative of the Bahraini 12 to 17-year-old adolescent 
population. 
Table 4.2. Percentage distribution of the adolescent Bahraini population by age 
compared to the study sample population 
Males Female Total 
Age Census 2001 Sample Census 2001 Sample Census 2001 Sam ple 
n % n % n % n % n % n % 
12 5,049 17.6 41 16.5 4,753 17.3 50 19.5 9,802 17.5 91 18.0 
13 4,992 17.3 46 18.5 4,791 17.4 43 16.7 9,783 17.4 89 17.6 
14 4,799 16.7 48 19.3 4,531 16.5 40 15.6 9,330 16.6 88 17.4 
15 4fi76 16.3 37 14.9 4,565 16.6 41 16.0 9,241 16.5 78 15.4 
16 4,732 16.5 43 17.3 4,473 16.3 40 15.6 9,205 16.4 83 16.4 
17 4,464 15.5 34 13.7 4,358 15.9 43 16.7 8,822 15.7 77 15.2 
Total 28,712 249 27,471 257 56,183 506 
% 51.1 49.2 48.9 50.8 100.0 100.0 
4.2 DATA COLLECTION 
4.2.1 The Prevalence Study 
4.2.1.1 Procedure prior to data collection 
A brief description of the study and measurements to be carried out, along with a list 
of schools selected and period of time during which data collection would take place 
in schools (September 2000 - December 2000) was sent to the Directorate of General 
and Technical Education (DGTE) at the Ministry of Education. The DGTE in turn 
contacted the concerned schools' administrations informing them about the study to 
be conducted and requesting their collaboration with the research team. 
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Prior to data collection the principal investigator (PI) visited the schools to select the 
sample and fix appointments for data collection. The sample was chosen using 
systematic random sampling as follows: 
I. The required number of students frorn each school was dix ided by 3 to 
obtain the number of students to be recruited from each grade levc] (grade It, 
7,8 and 9 for intermediate schools and grade 10,11 and 12 for secondary 
schools). 
2. Using the students' name lists, the total number of students in each grade 
was divided by the required number, to calculate n. The first student was 
selected randomly and then every nth student on the list was selected until 
the required number was reached. 
3. A replacement sample of 3-5 students was selected from each grade level to 
substitute for the non-Bahraini students. 
In consultation with the school's administration, the PI made an appointment for data 
collection. She also viewed the room to be allocated for the study and checked 
whether it had good lighting and adequate space for each measurement station. The 
selected students were assembled in a classroom for a short meeting. At the meeting, 
the nationality of the students was verified and those who reported being non- 
Bahraini were sent back to their classrooms and substituted by the replacement 
sample. The PI introduced herself and briefly explained the objectives of the study. 
After reassuring the students regarding the confidentiality and anonymity of the 
study and that participation was voluntary, they were handed information sheets and 
consent forrns (Appendix 3A and 3B), which needed to be signed by the students 
and their parents. The students were instructed to bring the signed forrns to the 
school's administration the next day. The PI collected the consent forrns on the day 
of data collection. Finally the PI met Nvith the member of staff (school's secretary or 
teacher) assigned to accompany the students during the data collection pcnod, 
liandcd over a copy of the selected students' names and explained the procedures to 
be followed on the data collection day in relation to assembling the students in the 
room provided for tile study by the school's administration. 
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4.2.1.2 Procedure at the school site on data collection day 
Data collection was carried out during the period between September to December 
2000. The research team arrived at the school site at 7: 30 am each moming. Upon 
arrival the PI checked and calibrated the weighing scale and skinfold calipers. Four 
measurement stations were set up; these were: 
I. Blood pressure (BP) measurement station 
2. Weight and height measurement station 
3. Skinfold thickness and body circumferences measurement station 
4. Questionnaire administration (chairs for students were arranged at the cnd 
of the room). 
The students were brought into the room in 3 batches (by grade level). The PI 
explained the details of the study and described various measurements to be taken. 
She then explained the questionnaire and asked the students to fill it in. While 
answering the questionnaire, the students were taken one by one to the measurement 
stations to have their BP, weight and height and body circumference and skinfold 
measurement taken. Once finished they were instructed to return to their seats and 
continue filling in the questionnaire. 
4.2.1.2.1 Bloodpressure measurement 
The blood pressure measurement was taken twice after allowing the students to rest 
quietly for 5 minutes. 
4.2.1.2.2 Anthropometric measurements 
Anthropometric measurements were perfon-ned between 8.00 and 10.00 according to 
standardized guidelines (Fidanza, 1991). The PI supervised all anthropornetric 
measurements. Students' weight Nvas taken Nvith the school uniform on (%%hich 
consists of a shirt and trousers for boys and a dress for girls). Students %vere asked to 
empty their pockets before stepping onto the scale. Skinfold thickness and body 
circumference measurements Nvere taken behind a portable screen to ensurc the 
student's privacy and by a person of the same sex as that of the student. 
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4.2.1.2.3 Administration of questionnaire 
The PI supervised the administration of the questionnaire and ansNvered students' 
questions. Time taken to fill in the questionnaire Nvas 20-25 minutes. The 
questionnaires were checked for completion by the PI and collected on the same day. 
4.2.1.3 Procedure at the school site after data collection 
The age of the students was ascertained by checking the date of birth givell ill the 
questionnaire against the school's records, which in turn were based on the birth 
certificate. Students whose ages were found to be below or above 12 to 17 years 
were excluded from the study. 
4.2.2 The Family Environment Study 
4.2.2.1 Procedures prior to appointment 
Using the phone numbers given in the questionnaires, parents of the sub-sample of 
obese and non-obese adolescents were contacted by telephone. The PI spoke to the 
child's mother (or father, if the mother was unavailable). She introduced herself and 
explained the purpose of the study and its linkage to the school's survey in which the 
child took part. When the mother agreed to participate in the study, an appointment 
for home interview was made and the home address was taken. Interviews were 
carried out during the period between January-March 2001. All interviews were 
conducted with the child's mother (principal caregiver). In the few cases (3) where 
the mother was not alive, the father or grandmother was interviewed. The principle 
investigator and 4 trained and experienced female community health nurses 
conducted all the interviews. 
4.2.2.2 Procedures at the Interview 
Participant mothers were interviewed at home by trained female interAiewers using a 
structured pre-tested questionnaire. The interviewer explained the purpose and 
details of the study and then obtained the mother's signature of the consent fonn. 
Verbal probes Nvere used whcri necessary to elicit more comprehensivc information. 
The time taken to complcte the questionnaire Nvas 20-25 minutes. 
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Weight and height measurements of the mother and father Nvere taken after 
completion of the interview. In cases where the father was not available at home at 
the time of interview, his weight and height were taken during a second home visit. 
Those fathers who still could not be reached were asked to ha%, e their weight and 
height measured in their local health centre or phan-nacy. This information was then 
collected over the telephone. 
4.3 MEASUREMENTS AND PROCEDURES 
4.3.1 The Prevalence Study 
Three types of data/measurements were used in this study 
u The questionnaire 
u Anthropornetric measurements 
Li Blood pressure measurements 
4.3.1.1 The Questionnaire 
A structured self-administered questionnaire was used to obtain the following 
information (see questionnaire in Appendix 4A): 
I. Socio-demographic characteristics including, age, sex, parents' occupation 
and their level of education and number of siblings 
2. Dietary behaviours: eating breakfast daily, snacking habits, eating meals 
with the family, eating meals while watching the TV, frequency intake of 
fruit, and other common foods 
3. Physical activity and inactivity patterns: frequency of playing sport outside 
school, participation in physical education classes, time spent playing 
iewing, hours of play' various sports, hours of sleep/day, hours of TV vi I ing 
video/computer games 
Knowledge and attitudes: questions about nutrition, weight gain and 
statements assessing beliefs about dieting and weight control 
5. Body iniage: perception of self-weight status. perception of parents' and 
peers' opinion on \\-cight and attitudes toward body weight 
6. Health inforniation: personal and family medical historv. I 
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Five experts in the fields of nutrition. epidemiology and public health, medical 
statistics and physical education %ýere recruited to evaluate the questionnaire for 
content validity. All were infonned about the objectives of the study. They NNCre 
requested to comment on the items included in the questionnaire and their releN. aticc 
to obesity and the adolescent population. Some of the experts were asked to assess 
the relevance of questions to the Bahraini population. The quCstionnaire was 
modified according to the comments of the reviewers. In order to ensure the clantv 
of the questions and their appropriateness, the questionnaire was pre-tested twice, 
initially during the development stage (January 2000) on a sample of 60 interrilediatc 
and secondary school students of both sexes, and pnor to data collection (August 
2000) on a group of 20 adolescent volunteers. 
4.3.1.2 Anthropometric measurements: 
The anthropornetric data included the following measurements and the nutritional 
indicators derived from them: 
1) Weight, 2) Height, 3) Skinfold thickness measurements, 4) Waist circuniference, 
5) Hip circumference, 6) Mid upper arrn circumference. 
All anthropometric measurements were perfon-ned using standardised proccdurcs and 
according to the methods described by Fidanza (199 1 ). 
4.3.1.2.1 Weight measurement: 
Weight was measured to the nearest 0.1 kg using a Seca electronic portable scale 
(Seca alpha model 770, range 0-200 kgxlOOg) and while the subject was wearing 
light clothes and with no footwear. The scale was placed on a hard flat surface and 
subjects were asked to step into the centre of the platform, stand relaxed but still and 
look straight ahead. To ensure the accuracy of measurement, the scale Nvas checked 
for zero-reading before each weighing and calibrated Nvith known weights on the 
mornim, of each data collection period. All measurements Nvere taken beforc recess 
time to ensure that students had not yet had their morning snack. 
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4.3.1.2.2 Height measurement: 
Students' standing height was measured to the nearest 0.5 centinletre, usinLi a Seca 
wall-mounted height meter. The student was asked to stand without shoes and socks, 
back against the wall, heels together, and head in an upright position (Frankfurt 
plane). To aid the straightening of the spine, the subject was asked to take a deep 
breath and stand tall. The movable headboard was lowered till it fin-rily touched the 
upper part of the subject's head and a direct reading of height was obtained. 
4.3.1.2.3 Mid upper arm circumference (MUAQ: 
Mid upper arrn circumference was measured to the nearest 0.1 cm, using a flexible 
non-stretchable tape (range 0- 1 45cmx I mm, CMS Weighing Equipment Ltd, London, 
UK). With the subject standing erect and sideways to the measurer, the midpoint of 
the back of the left upper ann, between the tip of the olecranon process of the u1na 
and the acromial process of the scapula, was first determined and marked using a felt 
tip pen. With the subject's arin relaxed and hanging at the side, and palm facing 
inwards, the tape was then passed around the arin at the marked level so that it was 
touching the skin but not compressing the tissue. 
4.3.1.2.4 Skinfold thickness measurement 
Skinfold thickness was measured to the nearest 0.2 mm, on the left side and at the 
two anatomical locations, namely the triceps and the subscapular. In boys, media] 
calf skinfold was also taken. Skinfold measurements wcrc made using a Holtain 
caliper (range 0-40 mmx 0.2 mm, CMS Weighing Equipment Ltd, London, UK. ) or 
a I-ange skinfold caliper (range 0-60 mm x Imm, Cambridge Scientific Industries 
Inc, USA). The Lange caliper was only used for those with skinfold thickness > 40 
nim (i. e. above the measuring range of the Holtain calipers). Three readings \\cre 
taken at each of the 3 anatomical sites and the average of these 3 readinas at eacli site It) 
was recorded as the skinfold thickness. All skinfold measurements N\, crc perfornied 
by one of two trained observcrs (onc for each scx) whose quality of performance \\ as 
evaluated prior to and mid way through the study (Appendix 5). 
so 
Chapter IF: Subjects andAleiliods 
Triceps skinfold (TSKF). - 
The triceps skinfold thickness was measured at the mid point of the back of the Icft 
upper arm, which was located in the same manner previously described for the 
MUAC. With the arm relaxed at the side of the subject's body. the skinfold parallel 
to the long axis was picked up away from the underlying muscle and the caliper xvas 
applied vertically at the marked level. 
Subscapular skinfold (SSKF): 
The subscapular skinfold thickness was measured just below and laterally to the 
inferior angle of the left scapula with the fold in a line running at approximately 45 
degrees to the spine along the natural cleavage line of skin. 
Medial caýf skinfold (CSKF). - 
This was measured as the thickness of the vertical fold on the medial aspect of the 
calf. With the subject seated and the knees at 90 degrees, the fold was lifted at the 
level of the maximal calf circumference on the medial aspect of calf. 
4.3.1.2.5 Waist and hip circumference: 
Waist and hip circumference measurements were taken to the nearest 0.1 cm using a 
non-stretchable measuring tape (range 0-145cm x1mm, CMS Weighing Equipment 
Ltd, London, UK). 
Waist circionferencc (IVC). - 
Waist circumference was measured with the subject standing erect, abdomen relaxed, 
arms at the sides and feet together. The measuring tape was placed horizontally at the 
level of the natural waist, which is the midpoint between the lower margin of the ribs 
(costal margin) and the superior anterior iliac spine (iliac crest). 
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Hip circumference (HQ: 
The subject was asked to stand erect and with arms at the sides and feet together. Hip 
circumference measurement was recorded as the maximum circumference around tile 
buttocks posteriorly and the symphysis pubis anteriorly. 
4.3.1.2.6 The Body Mass Index (BMI): 
Determination of obesity was based on the body mass index and skinfold 
measurement. The BMI, which is the weight in kilograms divided by the height in 
meters squared, was calculated as follows: 
BMI = Wt (kg) / Ht 
4.3.1.2.7 Waist to Hip circumference Ratio (WHR): 
Waist to hip circumference ratio (Yv'HR) was used to assess the pattern of fat 
distribution. WHR was calculated by dividing the waist circumference by the hip 
circumference. 
4.3.1.2.8 Subscapular-Triceps Ratio (STR): 
The subscapular-triceps ratio (STR) was used as an index of body fat distribution. It 
was calculated by dividing the subscapular skinfold thickness by the triceps skinfold 
thickness. 
4.3.1.2.9 Estimation ofpercent bodyfat 
Body fat percentage was estimated from the sum of skinfold thickness and according 
to the sex specific equations for children and adolescents (8-18 years) developed by 
Slaughter ct al. (1988). 
For all boys 
Body fat = 0.735 (TSKF + CSKF) + 1.0 
For 
_qirls with 
(TSKF + SSKF) -: 5- 
35 mm: 
Body fat = 1.33 (TSKF + SSKF) - 0.013 (TSKF + SSKF )2 -2.5 
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For qirls with (TSKF + SSKF) > 35 mm: 
Body fat = 0.546 (TSKF + SSKF) + 9.7 
Where, CSKF= caýf skinfold thickness, TSKF= triceps skinfold thickness, SSKF= subscapular 
skinfold thickness 
4.3.1.2.10 Estimation offat mass (FM) andfatfree mass (FFill): 
From percent body fat, total body fat mass (FM) and fat free mass (FF%I) Nvere 
calculated as follows: 
FM (kg)= (percentage body fat /100) x body weight (kg) 
FFM (kg)=body weight (kg) - body fat mass (kg) 
4.3.1.2.11 Mid upper arm muscle circumference (AMC): 
The AMC, which represents the circumference of the inner circle of muscle mass 
surrounding a small central core of bone, was derived from measurements of nlid 
upper an-n circumference and triceps skinfold thickness. The AMC was used to 
assess the total body muscle mass and was calculated using the following equation 
(Fidanza, 199 1): 
AMC = MUAC - (-rr xTSKF) 
Where, MUAC = inid upper arm circumference, TSKF = triceps skinfold thickness 
4.3.1.2.12 Mid upper arm muscle area (AMA): 
Mid upper ann muscle area is another index of total body muscle mass. It was 
calculated using the following equation (Fidanza, 1991): 
AMA =[(MUAC-(-rrxTSKF))2 / 4-rr] 
I I'lierc, Af (ý4 C= mid upper arm circumference, TSKF = triceps skinfold thickness 
4.3.1.2.13 Mid upper arin fat area (A FA): 
The mid upper arm fat area, used for estimating total body fat, was calculated from 
the triceps skinfold thickness and the nild upper arrn circumferencc measurenicnts 
using the following, equation (Himcs ct al., 1980): 1 
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AFA = [MUAC x TSKF/2] - [, rr x (TSKF )2 /4] 
Where, MUA Cý in id upper arm circumference, TSKF = triceps skinfOld thickness 
The age and sex specific reference data of Frisancho (198 1) were used to assess mid 
upper arm fat area (AFA), arm muscle circumference (AMC) and arm muscle area 
(AMA). 
4.3.1.2.14 Determination of weight status 
Since BMI and skinfold reference data which are specific for the Arab population 
were not available, data from the United States' national survey (NHANES-1) N--,, crc 
used (Must et al., 1991). The adolescent's weight status was defined according to 
the following critena as recommended by the World Health Organisation Expert 
Committee (WHO, 1995). 
Underweight: <5th percentile of BMI for age 
Normal weight: ý: 5th to <85th percentile of BMI for age 
Overweight: ý! 85th percentile of BMI for age, plus <90th percentile of 
triceps skinfold for age and <90th percentile Of SUbscapular 
skinfold for age 
Obesity: > 85th percentile of BMI for age, plus ý! 90th percentile of 
triceps skinfold for age and ý! 90th percentile of subscapular 
skinfold for age 
In order to facilitate comparison with previous national surveys, the B. Ml 85th and 
95th percentile cut-offs were also used to define overweight and obesity, respectivcly 
(Must et al., 1991). In addition, the recently proposed BMI cut-off values of the 
IOTF (Cole et al., 2000) were used to deten-nine their relative applicability for 
assessing the degree of overweight and obesity in Bahraini adolescents. 
4.3.1.3 Blood pressure: 
Svstolic and diastolic blood pressure wcre measured Linder standardized conditions 
(Fask Forcc on Blood Pressure Control in Children, 1987) using an Accoson mercury 
0 sphygnionianornetcr of appropriate cuff size (covering 80' to 100"") of tllc anil 
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circumference) and a Littman stethoscope. The same sphygmomanometer was used 
on all the students. Each student was asked to sit quietly for 5 minutes, to relieN C any 
possible tension, before blood pressure was measured. The student was asked to lay 
the right arm honzontally on the table and to remove any tight or restrictive clothing 
from the arm. The blood pressure was then measured with the subject's right arm 
supported at heart level by the examiner. The cuff was applied making sure that the 
midpoint was over the position of maximal pulsation of the brachial arterý-. Sý'stolic 
blood pressure was initially determined by palpation, then the stethoscopc \ý Lis 
placed over the brachial artery pulse, proximal and medial to the cubital fossa and 
below the bottom edge of the cuff. The brachial artery was occluded by inflating the 
cuff approximately 30 mm Hg above the pressure at which the radial pulse 
disappeared to palpation. The pressure in the cuff was released slowly, at about 2 
mmHg/second. First Korotkoff sound (point at which sounds returned) and Korotkoff 
phase 5 (disappearance of sounds) were used to define the systolic and diastolic 
blood pressure, respectively. A qualified female nurse took the blood pressure 
measurements for all the students. The measurement was repeated after three minutcs 
and the average of the two readings was used in the analysis. 
The definition of high blood pressure was based on the report of the Second Task 
Force on Blood Pressure Control in Children which was recommended by the WHO 
Expert Committee on Hypertension Control (Table 4.3) (WHO, 1994) as follovvs: 
High BP status: SBP and / or DBP >95th percentile for age 
Normal BP status: SBP and / or DBP <95th percentile for age 
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Table 4.3. Classification of hypertension in children and adolescents by age 
Systolic and diastolic blood pressure (SBP and DBP), mmHg Age 
(Years) High to normal Significant hypertension Severe hypertension 
(90-94th percentile) (95-99th percentile) (>99th percentile) 
10-12 
SBP 122-125 126-133 >134 
DBP 78-81 82-89 >90 
13-15 
SBP 130-135 136-143 >144 
DBP 80-85 86-91 >92 
16-18 
SBP 136-141 142-149 >150 
DBP 84-91 92-97 >98 
Source: WHO (1994) 
4.3.2 The Family Environment Study 
4.3.2.1 The Questionnaire 
The relationship between adolescents' obesity, parental obesity and the family 
environment in the sub-sample of obese and non-obese adolescents identified in the 
cross-sectional study was investigated by using a specially designed interviewer- 
administered questionnaire (Appendix 4B), which included the following items: 
Socio-demographic characteristics including parents' age, marital status, 
parents' level of education and employment, and number of children 
2. Information on perinatal factors including child's birth weight and 
breastfeeding 
3. Mother's dietary habits 
4. Mother's lifestyle behaviours: physical exercise, hours of TV watching, and 
availability of domestic help 
5. Family history of obesity, diabetes, hypertension and heart disease 
6. Mother's influence over child's eating and physical activity behaviours 
7. Availability and accessibility of sweets and snacks within the household 
8. Mother's perception of, and attitudes to, child's weight status 
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The questionnaire was developed by reviewing the relevant literature. Manv of the 
questions used in the family study questionnaire (includin2 those related to 
availability and accessibility of sweets and high calorie snacks ýý ithin the household, 
parental influence over child's eating, parent's and child's eating habits and physical 
activity habits) were adapted from similar items in the Family Eating and . -\ctiN-it\, 
Habits Questionnaire, which was developed and N'alidated by Golan and %Veizman 
(1998). Content validity of the questionnaire was determined by a group of 5 experts 
in the field of nutrition, epidemiology and public health N,, -ho %,,, ere asked to assess 
questions for clarity and appropriateness. A preliminary version of the questionnaire 
was piloted on a group of 12 volunteer mothers of adolescents prior to data collection 
(December, 2000). Questions that resulted in ambiguous answcrs on pilot testing 
were subsequently reworded to enhance clarity. 
4.3.2.2 Anthropometric measurements 
Anthropometric measurements included mother's and father's welght and height. 
Weight and height measurements were performed using the same equipment and 
procedures described previously with parents wearing light clothes. Obesity in 
parents was defined according to the WHO expert committee recommendations as a 
BMI ý! 30 k g/M2 (WHO, 2000). 
4.4 QUALITY CONTROL 
4.4.1 Quality control at the questionnaire level 
The accuracy of the collected data was ensured through the following: 
1. The questionnaire of the prevalence study was pre-tested twice, during the 
development stage (January 2000) and prior to data collection (August 2000). 
The questionnaire of the family environment study was pre-tested on a grou p 
of 12 volunteer mothers. This was done in order to ensure the clarity of tile 
questions, their appropriateness and that they could be interpreted correctlý-. 
2. Both questionnaires (questionnaire of the prevalence study and questionnaire 
of the family environment study) Nvere translated into Arabic and back. A 
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language expert then checked the translation to ensure that the meaniII2 of the 
questions was the same in both the Arabic and English versions. 
3. The PI supervised the administration of the questionnaire to all students. She 
also explained the questions to the students and answered their questions. 
4. The PI and 4 experienced community health nurses conducted all the home 
interviews. A one-day workshop Nvas carried out to train the intervieývers in 
use of the family study questionnaire. Mothers' reports of children's 
birthweight were checked against maternity hospital discharge card or 
maternity hospital records. 
4.4.2 Quality control at the blood pressure measurement level 
1. One female qualified nurse took the blood pressure mcasurenicnts of all the 
students. Standardized measuring procedures were followed. 
2. The sphygmomanometer was checked prior to data collection and then once 
every two weeks by a qualified technician from the Medical Equipment 
Department at the Salmaniya Medical Centre in Bahrain. 
4.4.3 Quality control at the anthropometric measurement level 
The accuracy of the anthropometric data was ensured through the following: 
I. The principal investigator conducted a 5-day workshop (early September 
2000) in order to thoroughly train the observers in measurement techniques 
(see workshop handout in Appendix 6). 
Standardized testing procedures Nvere followed in all measurements. 
3. A single observer was used for taking height and Nveight measurenicilts. 
Skinfold thickness and body circumference measurements were performed bý, 
two observers (one for each sex). All nutritional anthropometnic measures 
were obtained in duplicate, except skinfold thickness, which was measured in 
triplicate. 
4. Instruments were inspected for damage and calibrated daily before use oil 
subjects at each school by the Pl. The weighing scale was calibrated against 
known \N-cights (5 and 10 kg), obtained from the Bahrain Center for Studics 
and Research. The skinfold calipers NNcrc calibrated against a , I)ccial metal 
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block of various thickness ranging from 10mm to 40mm (CMS Weiqhing 
Equipment Ltd, London, UK. ). In addition, pre-set limits were used for 
repeated measurements in order to safeguard against imprecision. These NN erc 
0.2 kg for weight, I cm for height, 0.5 cm for circumferences and 2 mrn for 
skinfolds. 
In order to check for accuracy of the measurements and to ensure that standardized 
procedures were being followed, a random sample of 50 students (25 male and 25 
female), representing approximately 10% of the study sample, were re-measured bý- 
the principal investigator half way through the fieldwork. The repeated 
measurements (5 pairs) taken by the trained observers and by the principal 
investigator on the same sample were used to calculate the intra- and inter-observer 
error of measurement. An initial calculation of the intra- and inter-observ, cr errors 
was also performed during the training period on a sample of 10 volunteers. 
The intra and inter-observer error was estimated by calculating the technical error of 
measurement (TEM), which is defined as the square root of the Sum of squared 
differences between pairs of measurements obtained by the same or different 
observers for the same subject divided by twice the number of pairs. TEM was 
calculated using the following equation (Ulijaszek & Lourie, 1994): 
TEM = ýYD 
2 /2N 
Wherc, D= difference between measurements, N= number of individuals measured 
(1*. e. number ofpairs of measurements). 
To get some idea of the acceptability of measurement error, the calculated TENI for 
weight, arm circumference, triceps and subscapular skinfolds were compared 
xvith the reference values of Ulijaszek and Lourie, (1994) which are based on data 
from the NHANES I and 11 (Table 4.4). Results showed that the calculated TE%I 
N'alues for all the anthropometric measurements Nvere below the maximum acceptable 
TEM reference values (Appendix 5). 
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Table 4.4. Reference values for total technical error of measurement (TEM) at 
two levels of reliability (R=0.99 and R=0.95) for either intra-observer or inter- 
observer error for anthropometric measurement 
Age group Height Weight NII -'A 
c TSKF SSKF 
(I 1- 17.9 yrs) (cm) (Kg) (cm) (mm) (mm) 
Boys 
Reliability = 0.95 1.69 5.94 0.75 1.45, 
Reliability = 0.99 0.76 1.19 0.33 0.65 0.69 
Girls 
Reliability = 0.95 1.50 8.66 0.78 1.1.74 
Reliability = 0.99 0.67 1.73 0.35 0.69 0.78 
Source: Ulijaszek & Lourie (1994) 
KEY: MUA C= mid upper arm circumference, TSKF= triceps skinfold, SSKF= subscapular skinfi)ld 
4.4.4 Quality control at the data management level 
1. The PI reviewed all questionnaires for completion immcdiately aftcr 
administering them to the students in the school and the recording forms were 
checked daily for obvious mistakes and for observer's digit preference. The 
interviewers checked the family environment study's questionnaire 
immediately after each home interview. 
2. All data were entered directly from the pre-coded questionnaires and 
recording fonns (which were stapled to the questionnaire). 
3. Double data entry was used to minimise errors in data entry. One person read 
the coding from the participant's questionnaire/recording forrn and the 
principal investigator entered the data into the computer. 
4. Computer printouts of the data were reviewed for any information that %vas 
out of range. Random questionnaires/recording forins were reviewed 
for 
accuracy of data entry. 
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4.5 DATA MANAGEMENT AND ANALYSIS 
4.5.1 Data collection team: 
The data collection team consisted of the follmving persons: 
I- The PI who was responsible for the administration of the questionnaire and 
supervising all measurements and other aspects of the fieldwork 
2. A female nurse (Associate Degree in Nursing) who took blood pressure 
measurement for all the students 
3. A female nutntionist (Diploma in Nutrition) who was responsible for taking 
weight and height for all the students 
4. A female nutritionist (MSc in Nutrition) who took skinfold thickness and 
body circumferences for girls only 
5. A male nurse (Associate Degree in Nursing) who took skinfold thickness 
and body circumferences for boys only. 
Data of the family environment study was collected by the PI and four female 
community health nurses who conducted all the home interviews and took parents' 
weight and height. 
4.5.2 Data entry 
The questionnaires were checked for completeness immediately after the end of each 
data collection session (at the school site or at the participant mother's home). If any 
data was missing or unlikely, the participant was telephoned at home and requested 
to supply or venfy the infori-nation needed. Anthropometnc data and blood pressure 
readings were recorded directly on the recording form, which was stapled to the 
questionnaire. SPSS statistical software package, version 10 (SPSS Inc., Chicago, IL, 
USA) was used for data entry and analysis. The pre-coded information present in the 
data collection instruments was entered directly into the computer. The entered data 
were vcrified by checking the computer printouts to detect any infori-nation that was 
Out of range. The columns of the data set were sorted in ascending order to check for 
data entrv crrors. In addition random questionnaires wcre reviewed for accuracv of 
data entry. All crrors of data entry NN-crc corrected. 
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4.5.3 Data analysis 
4.5.3.1 Prevalence study 
The data was first classified into continuous (measurement) data and categorical 
data. The continuous data, which consisted of the anthropometnc and blood pressurc 
measurements, were examined using leaf plots and box plots. Outliers and extreme 
values were checked against recording forms. Descriptive statistics, including means, 
medians and standard deviations were then calculated for each anthropometric 
measurement. Correlation coefficients between BMI and other anthropometric and 
body composition indicators were determined. Analysis of the anthropometrIc data 
was carried out by sex and age. The designated level of statistical significance was P 
< 0.05. The findings were compared with the National Growth Survey of Bahraini 
School Children (6-18 years) which was carried out in 1986 (Musaiger et al., 1989) 
and with the United States' Center of Disease Control (CDC) revised growth charts 
(CDC, 2000). 
To estimate the prevalence of weight status, adolescent participants were divided into 
4 groups: underweight, normal weight, overweight and obese, according to the "'HO 
recommended criteria of BMI for age and skinfold for age (WHO, 1995). In addition, 
overweight and obesity were detennined using the criteria of Must et al. (1991) and 
the IOTF standard (Cole et al., 2000). 
The prevalence study's questionnaire consisted of 6 sections and the total number of 
questions was 95. Of these only 54 questions were included in the final analysis. In 
section 11, questions related to types of food consumed between meals (snacks) were 
not included because of the unreliability of data, as many students responded to these 
questions by listing food items consumed at meals. Section III dealt with knowledge 
about nutrition and beliefs regarding weight control. It Nvas excluded because of 
concerns over reliability of some questions. Maný, of the belief and attitudc 
statements were found not to be relevant to this age group, as they tested bchaviours 
and common misconceptions held by adults. Questions related to týrpc, duration and 
frequency of exercise xvere excluded as they yielded unreliable results. Maný' of the 
adolescents oave conflicting responses; reporting taking no regular exercise while 
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responding positively to questions related to type and duration of physical exercise 
and vice versa. In addition many gave exaggerated reports regarding frequency and 
duration of exercise. Questions related to smoking behaviour were excluded as less 
than 4% (19 boys and I girl) reported smoking. 
The primary goal was to determine the association between obesity in the 
adolescents and various contributing factors. This was studied by means of 
contingency table analysis. Two Models of BMI for age category were used to 
classify subjects into 2 groups as follows: 
I. Model-1: The proportions of those who were obese (defined as BMI ý! 85th 
percentile) were compared to those who were non-obese (<85th percentile). 
2. Model-11: Obese adolescents (defined as BMI ý! 95th percentile) Nvere 
compared to those of normal weight (ý: 5th to <85th percentile). 
Appropriate statistical tests such as chi-square test and chi-square for trend \N'crc 
conducted to deterrnine the statistical association between obesity and the studied 
variables. Chi-square was considered significant when the p-value was less than 5%. 
Because of small sample size per cell of contingency tables, questions witli 4 
response categories (always, frequently, sometimes, rarely) were collapsed into 2 
categories (always + frequently = frequently, and sometimes + rarely = rarely). Odds 
ratios (OR) and 95% confidence interval (CI) were used to quantify the strength of 
association between obesity risk and each of the other variables. If the 95% Cl did 
not include 1.0, the OR was regarded significant. Logistic regression analysis was 
used to assess the independent influence of the studied variables on the outcome 
variable (obesity). Statistical analyses were done by SPSS statistical soffivare 
package, version 10 (SPSS Inc., Chicago, IL, USA) and EPI INFO version 6 (WHOý 
Geneva, Switzerland). Graphs were plotted using, Prism 3.0 (Graphpad software Inc, 
USA) 
4.5.3.2 Family environment study 
Only -58 questions werc included in 
the final anak'sis of the familv stud,,, 's 
questionnaire, which consisted of a total of III questions. Variables that vIeldcd 
inconsistent responses in cross-check questions v. -crc cxcluded. Thcse included somc 
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of the questions related to the child's eating habits and type and duration of phý-sical 
exercise taken by the mother. Questions that were found to have low reliability when 
analysed, such as questions related to the child's physical activity profile were also 
eliminated. Some of the questions were excluded because of concerns over their 
suitability to the adolescent's age, as reflected by the inability of maný, i-nothers to 
answer them easily (For example: "Has your child asked for or bought swcets, 
snacks he saw advertised on the TV7 and "Have you ever denied youi- child a 
particular food as a kind of punishment? "). 
Because of the relatively small sample size (214), the two sexes were combined in all 
the analyses of the family environment study. Obese and non-obese adolescents were 
compared for the studied variables using contingency tables. Odds ratios NN-cl-c used 
to evaluate strength of association. Multivariate logistic regression models Nvere 
constructed to assess the joint effects of the combined variables on the risk of 
adolescent obesity (outcome variable). 
4.6 ETHICAL APPROVAL AND INFORMED CONSENT 
The study was submitted to the Ministry of Education in Bahrain for reviewing and 
approval. Ethical approval was also obtained from the Ethics Committee of the 
London School of Hygiene and Tropical Medicine (Appendix 8). 
All adolescents, parents and teachers were thoroughly informed about the purposes 
and content of the study and a written consent was obtained from the parents 
(Appendix 3B). The PI ensured that the adolescent participants and their parents 
understood the nature of the study, the reasons for it being undertaken and the 
possible benefits to the adolescents' health and the community. All information 
collected was treated confidentially and was only available to members of the 
project. 
All students who \\, crc found to have abnormal blood pressure were referred to the 
health centre through the school's nurse / administration. 
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CHAPTER V: RESULTS 
This chapter presents the findings from analyses undertaken to determine the 
prevalence of obesity, its characteristics and determinants in adolescent Bahraini 
participants. It is organised in six major sections. Section one describes the socio- 
demographic and anthropornetric characteristics of the study participants (male and 
female adolescents between 12-17 years of age). Section two presents the prevalence 
of obesity in the Bahraini adolescents using three different sets of criteria. The 
second specific objective of the study is described under Section three, which 
investigates the determinants of obesity in this population. Factors examined include 
socio-economic, dietary and physical activity behaviours. Sectioll four is based on 
the findings of the family environment study. It examines the association bct\N'ccil 
obesity in the adolescents and perinatal factors, parental obesity and other factors 
related to the family environment. Section five describes the relationship between 
blood pressure and obesity in the adolescents. The adolescents' perceptions of, and 
attitudes to, body weight is described in the last section, Section six. 
5.1 SOCIO-DEMOGRAPHIC AND OTHER CHARACTERSTICS OF THE 
ADOLESCENT PARTICIPANTS 
5.1.1 Socio-demographic characteristics 
Five hundred and six Bahraini adolescents aged 12-17 years participated in the study. 
A summary of the socio-demographic characteristics of the sample is presented in 
Table 5.1. Forty nine percent of the participants were males (n=249) and 51% were 
females (n=257). The distribution of adolescent participants by age ranged from 18% 
at age 12 years to 15.2% at age 17 years and showed no sex difference (P=0.706). 
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Table 5.1. Socio-demographic characteristics of Bahraini adolescents 
Sex 
Total Males Females P-value 
Number (%) 506(100) 249(49.2) 257(50.8) 
Age (years) 
12 91(18.0) 41(16.5) 50(19.5) 0.706 
13 89(17.6) 46(18.5) 43(16.7) 
14 88(17.4) 48(19.3) 40(15.6) 
15 78(15.4) 37(14.9) 41(16.0) 
16 83(16.4) 43(17.3) 40(15.6) 
17 77(15.2) 34(13.7) 43(16.7) 
Father's occupation 
Working 445(87.9) 226(90.8) 219(85.2) 0.055 
Not working 61(12.1) 23(9.2) 38(14.8) 
Mother's occupation 
Working 89(17.6) 52(20.9) 37(14.4) 0.055 
Not working 417(82.4) 197(79.1) 220(85.6) 
Father's level of education' 
Low 59(11.7) 29(11.6) 30(11.7) 0.619 
Middle 146(28.9) 67(26.9) 79(30.7) 
High 301 (59.5) 153(61.4) 148(57.6) 
Mother's level of education' 
Low 109(21.5) 50(20.1) 59(23.0) 0.173 
Middle 148(29.2) 66(26.5) 82(31.9) 
High 249(49.2) 133(53.4) 116(45.1) 
Number of siblings 
0-2 85(16.8) 45(18.1) 40(15.6) 0.004 
3-5 262(51.8) 143(57.4) 119(46.3) 
6+ 159(31.4) 61(24.5) 98(38.1) 
I Level of education groups: low = illiterate and read & write, middle= primary and intermediate school, 
high= high school and 
college 
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The majority (88%) of the adolescents' fathers Nvere working. Forty one percent were 
civil servants, 21% were professionals (doctors, lalAyers, engineers, accountants and 
teachers), 13.6% were in manual jobs (skilled and unskilled labourers) and 12.61o 
were in private businesses (self-employed). The non-working group consisted of 
8.5% unemployed and 1.8% retired; in addition. this group included those 
adolescents whose fathers were dead (1.8%). The percentage of the adolescents' 
fathers who were working was higher in the boys (91%) than in the girls (85%). but 
the difference was not statistically significant (P=0.055). Most of the teenagers' 
mothers (82%) were not working (i. e. housewives). In the working group, 8.3% were 
civil servants, 6.9% were professionals, 1.2% were self-employed and 1.2% were in 
manual jobs. Three of the adolescents' mothers (0.6%) were dead. Twenty one 
percent of the boys' mothers were working compared to 14% in the girls (P-0.055). 
Sixty percent of the fathers and 49% of the mothers had high school or college 
education and 29% of the mothers and fathers had intermediate or primary school 
education. Nearly 12% of the fathers and 22% of the mothers were illiterate or could 
only read and write. There was no statistically significant difference between the 
boys and girls in parents' level of education (P=0.619 for fathers' education and 
P=0.173 for mothers' education). More than half of the participants (52%) came 
from medium size families with 3 to 5 siblings, 31% from large families with six or 
more brothers and sisters and 17% came from small families (two siblings or less). 
The proportion of girls with 6 or more siblings (38%) Nvas greater than that of boys 
(25%) (P=0.004). 
5.1.2 Anthropornetric characteristics 
The anthropometric data of male and female adolescents are summansed in Tables 
5.2 and 5.3, respectively. They present the means, standard deý'jatjons of the means 
and medians for height, weight, skinfolds, mid upper an-n circumference, waist 
circumference and hip circumference for each age group. In males, the skinfolds 
presented are those of the triceps, subscapular and medial calf, whereas in fenialcs 
only the triceps and subscapular skinfolds are presented. Cal I- skinfold was not takeii 
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for the female participants due to cultural constraints. as many girls refused 
measurement at this site during the pilot study. 
Mean values for height and weight increased with age in both sexes, except at age 17 
years when height in both boys and girls and weight in girls only dropped slightly 
from their mean values at age 16 years (P>0.05). In both sexes variations in weight 
were greater than variations of height. In girls, weight vvas less variable at age 13 and 
14 years than other age categories, whereas in boys weight variability appeared to 
increase with age. At all ages, mean triceps and mean subscapular skinfold \\ cl-c 
higher in girls than in boys. In general, adolescents' triceps skinfold and subscapular 
skinfold increased with age, except at age 15 and 16 years in the males and at age 17 
years in the females where a decrease occurred. A similar trend Nvas noted in the 
means of mid upper arm circumference, waist circumference and hip circumference, 
but the decrease in the males' values was observed at age 15 years only. To assess 
the prevalence of truncal adiposity among adolescent participants, the sex and age- 
specific waist circumference cut-offs proposed by Taylor ct al. (2000) were applied. 
Twenty nine percent of the boys and 32% of the girls had waist circumference 
measurements consistent with high trunk fat mass (data not shown). 
Tables 5.4 and 5.5 show the means, along with standard deviations and medians of 
the derived anthropometric and body composition indicators by age group category 
for the male and female participants, respectively. Parameters studied include body 
mass index, percent body fat, fat mass, fat free mass, arm fat area, arin muscle 
circumference and arrn muscle area, as well as waist to hip circumference ratio and 
subscapular to triceps skinfold ratio. BMI sho,,, ved variations Nvith age and gender. In 
both sexes BMI was significantly but weakly correlated with age (r = 0.308, P=0.000 
in boys and r =0.209, P=0.001 in girls). At all ages, mean BMI was higher in girls 
than in boys, with the difference reaching the significance level (P<0.01 ) at ages 122 
and 15 years only. In girls, mean BMI increased steadily Nvith age till it stabilised at 
age 16 years. In contrast, boys' BNII showed an increase Nvith age during, the cariv 
adolescent ycars, followed by a slight decrease at age 15 years (P=O. -'4()), and then it 
continued to rise thereafter, reaching its highest value at 17 ycars of a, _'c. -\ similar 
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age trend was seen in the derived indices for body fat (i. e. percent body fat, FM and 
AFA); with female subjects having greater values than male subjects. The h1Lhest 
mean value of percent body fat occurred at age 17 years in boys (25.80o) and the 
lowest at age 15 years (18.8%), whereas in girls the highest value was seen at age 10 
years (42.2%) and the lowest at age 13 years (33.1%). In boys, variation in fat free 
mass was characterised by a greater and steadier increase with age than that observed 
in girls, which tended to drop between 14 and 16 years of age. A marked positiN, c 
skewness in the distributions of BMI, percent body fat and fat mass was noted, xvitll 
the degree of skewness increasing with age, suggesting a tendency to increased 
adiposity in the Bahraini adolescent population. 
As expected, mean AMC and mean AMA were greater in the male adolescents than 
in the females, and they increased with age. Using the sex and ai'c specific referencc 
data of Frisancho (1981) for AMA and AFA, data of the Bahraini adolescents \\. crc 
compared to that of the US children. At almost all ages and in both genders, median 
values of AMA of the Bahraini teenagers were lower than those of the American 
children. ) 
falling between the 25th and 50th percentile in boys and between the 10th 
and 25th percentile in girls. In contrast, median values of AFA were higher than that 
of the reference, fluctuating between the 50th and the 75th percentile in boys, 
whereas in girls they occurred between the 75th and 90th percentile of the American 
reference. 
Mean values of WHR, which is a measure of regional fat distnbution, were always 
lower than 0.8 in girls and 1.0 in boys, indicating a healthy body fat distribution, 
according to the criteria of Martinez et al. (1994). WHR showed no specific trend 
witli age in the adolescents, but boys had greater mean values than girls at all ages. 
On the other hand, the STR, which is also a measure of fat distnibution and an index 
of central to peripheral adiposity, showed a sex specific pattern of vaniation with a, -, c. 
W'hile STR, after the age of 13 years, increased gradually with age in girls, it showed 
a steep Increase in boys, reflecting puberty-induced chanocs in rc(-, Ional hod", fat 
distribution. 
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Table 5.2. Anthropometric characteristics of adolescent Bahraini males aged 12- 
17 years, n=249 
Age (years) 
Anthropometric 12 13 14 15 16 17 
characteristics 
N=41 N=46 N=48 N=37 N=43 N=34 
Height (cm) 
Mean (SD) 147.8(6.9) 155.4(9.1) 162.2(8.4) 167.2(8.4) 170.7(5.5) 170.1(6.5) 
Median 147.0 156.7 163.6 168.3 171.2 169.5 
Weight (kg) 
Mean (SD) 40.7(10.1) 52.1(17.6) 59.0(17.7) 59.1(17.9) 65.9(17.2) 70.4(19.9) 
Median 38.0 47.6 54.3 52.9 61.0 64.3 
Skinfolds (mm): 
-Triceps 
Mean (SD) 12.2(7.9) 15.6(9.4) 15.2(8.2) 12.2(8.8) 14.0(8.2) 18.1(12.3) 
Median 7.9 13.5 12.5 8.6 10.0 14.4 
-Subscapular 
Mean (SD) 9.8(6.6) 13.2(9.6) 13.4(8.3) 10.9(7.4) 12.7(7.9) 17.1(13.5) 
Median 6.3 9.8 8.5 8.0 8.6 11.9 
-Calf 
Mean (SD) 12.2(8.2) 17.0(11.2) 16.2(9.3) 12.0(8.4) 13.5(9.1) 15.6(12.5) 
Median 9.1 13.5 12.5 8.8 9.2 12.1 
MUAC (cm) 
Mean (SD) 22.6(3.9) 25.2(5.4) 27.1(5.1) 26.1(5.3) 27.8(5.3) 29.7(5.5) 
Median 21.0 24.0 27.0 24.5 26.5 29.0 
WC (cm) 
Mean (SD) 65.1(10.9) 72.7(15.3) 76.1(15.6) 74.3(14.4) 77.2(13.5) 81.3(16.3) 
Median 61.0 69.0 72.0 70.0 73.0 76.2 
HC (cm) 
Mean (SD) 77.5(8.9) 85.7(13.0) 91.1(12.1) 89.1(11.5) 93.2(12.3) 96.4(13.8) 
Median 74.0 83.0 89.0 85.0 91.0 92.2 
Key MUAC= Mid upper arm circumference 
WC= Waist circumference 
HC= Hip circumference 
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Table 5.3. Anthropometric characteristics of adolescent Bahraini females aged 
12-17 years, n=257 
Age (years) 
Anthropometric 12 13 14 15 16 17 
characteristics 
N=50 N=43 N=40 N=41 N=40 N=43 
Height (cm) 
Mean (SD) 151.5(7.6) 154.5(6.5) 154.8(6.1) 156.9(5.6) 158.2(5.3) 15 7.5 (6.1) 
Median 153.5 154.1 155.4 157.6 158.0 157.5 
Weight (kg) 
Mean (SD) 50.4(17.2) 52.5(12.9) 53.1(14.2) 61.3(18.9) 63.5(20.3) 62.1(18.9) 
Median 47.8 50.5 50.5 56.3 58.5 55.3 
Skinfolds (mm): 
-Triceps 
Mean (SD) 25.7(15.0) 25.8(11.1) 26.7(12.9) 33.0(16.8) 33.8(16.0) 32.3(15.0) 
Median 22.9 24.2 23.0 30.8 33.3 25.5 
-Subscapular 
Mean (SD) 19.8(14.6) 17.7(8.1) 19.5(10.3) 25.3(15.9) 26.5(15.6) 25.1(13.9) 
Median 14.5 14.7 16.7 19.0 25.3 19.2 
MUAC (cm) 
Mean (SD) 25.5(5.7) 25.9(4.2) 26.1(4.8) 28.6(6.1) 29.3(6.2) 28.9(6.1) 
Median 24.7 26.0 25.0 27.5 28.2 27.0 
WC (CM) 
Mean (SD) 70.2(12.9) 70.7(11.5) 71.2(11.7) 76.2(13.9) 78.4(15.5) 77.4(14.7) 
Median 68.0 68.0 68.8 73.0 76.2 73.0 
HC (cm) 
Mean (SD) 89.3(14.0) 90.8(9.9) 92.3(11.4) 99.5(14.8) 100.2 (14.4) 99.9(13.8) 
Median 88.5 89.5 89.0 93.5 97.0 97.0 
Key: MUA C= Mid upper arm circumference 
WC= Waist circumference 
HC= Hip circumference 
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Table 5.4. Mean, SD and median of the derived anthropometric indicators and 
body composition parameters of adolescent Bahraini males aged 12-17 N, ears, 
n=249 
Age (years) 
12 13 14 15 16 17 
N=41 N=46 N=48 N=37 N=43 N=34 
BMI (kg/m") 
Mean (SD) 18.5(4.0) 21.2(5.6) 22.3(5.8) 21.0(4.9) 22.5(5.3) 24.4(7.1) 
Median 17.0 19.8 21.0 19.2 21.2 22.1 
Percent body fat' 
Mean (SD) 19.0(11.7) 25.0(14.9) 24.1(12.6) 18.8(12.5) 21.3(12.5) 25.8(17.6) 
Median 13.6 21.5 20.0 13.3 14.8 22.6 
Fat mass (kg) 
Mean (SD) 8.7(8.1) 15.3(15.0) 16.0(12.9) 13.0(14.9) 15.9(13.6) 21.3(23.2) 
Median 5.1 10.2 11.7 7.8 9.5 13.8 
Fat free mass (kg) 
Mean (SD) 31.6(4.4) 36.7(6.0) 43.1(7.2) 46.1(7.0) 50.0(6.1) 49.1(7.9) 
Median 31.5 37.2 42.2 44.9 49.4 49.9 
AFA (CM) 
Mean (SD) 13.6(10.8) 19.4(15.1) 20.2(13.6) 16.1(15.4) 19.4(14.2) 26.3(21.7) 
Median 7.0 15.1 15.8 10.1 12.5 20.5 
AMC (cm) 
Mean (SD) 18.7(1.8) 20.3(2.9) 22.3(2.8) 22.2(3.1) 23.4(3.2) 24.0(2.3) 
Median 18.3 20.1 21.9 22.3 23.6 23.7 
AMA (CM2) 
Mean (SD) 28.2(5.7) 33.5(9.7) 40.5(10.4) 40.2(11.5) 44.5(12.3) 46.5(9.2) 
Median 26.7 32.1 38.3 39.6 44.6 44.6 
WHR 
Mean (SD) 0.83(0.01) 0.84(0.01) 0.83(0.01) 0.83(0.01) 0.82(0.01) 0.84 (0.01) 
Median 0.83 0.83 0.83 0.80 0.81 0.84 
STR 
Mean (SD) 0.82(0.17) 0.86(0.24) 0.89(0.22) 0.95(0.21) 0.95(0.25) 0.95(0.24) 
Median 0.86 0.84 0.83 0.95 0.94 0.94 
1 Calculated using equations of Slaughters et al, 1988 
Key AFA = Armfat area, AMC= arm muscle circumference, AMA= Arm muscle area 
WHR= Waist to hip circumference ratio, STR= subscapular to triceps skinfold ratio 
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Table 5.5. Mean, SD and median of the derived anthropometric indicators and 
body composition parameters of adolescent Bahraini females aged 12-17 years, 
n=257 
Age (years) 
12 13 14 15 16 17 
N=50 N=43 N=40 N=41 N=40 N=43 
BMI (kg/M2) 
Mean (SD) 
Median 
Percent body fat' 
Mean (SD) 
Median 
Fat mass (kg) 
Mean (SD) 
Median 
Fat free mass (kg) 
Mean (SD) 
Median 
AFA (CM) 
Mean (SD) 
Median 
AMC (cm) 
Mean (SD) 
Median 
AMA (CM) 
Mean (SD) 
Median 
WHR 
Mean (SD) 
Median 
21.5(6.0) 
20.5 
33.8(16.6) 
29.7 
19.5(16.5) 
14.5 
30.8(5.8) 
30.5 
21.8(4.4) 22.0(5.0) 24.7(7.0) 
21.3 20.9 23.3 
33.1(10.5) 34.6(12.7) 41.3(17.9) 
30.2 31.8 37.7 
18.5(10.2) 19.8(12.2) 28.4(20.6) 
14.7 15.5 20.5 
34.0(4.3) 33.4(5.4) 32.8(4.5) 
34.0 33.1 33.7 
25.3(7.7) 25.0(7.0) 
23.7 23.4 
42.2(17.4) 40.9 (15.7) 
41.2 35.5 
30.0(21.5) 28.0(19.7) 
25.0 17.5 
33.5(3.7) 34.1 (4.4) 
34.2 34.1 
29.7(21.8) 29.3(15.6) 30.7(18.2) 41.4(26.2) 43.1(26.4) 40.9(25.3) 
24.4 26.7 24.7 35.7 39.1 27.1 
17.4(2.3) 
17.4 
24.7(6.6) 
24.1 
17.7(l. 9) 
17.9 
17.7(2.4) 
17.7 
18.2(l. 5) 
17.9 
25.4(5.5) 
25.4 
25.5(7.1) 
25.0 
26.6(4.6) 
25.5 
18.7(2.3) 
18.4 
28.2(7.5) 
26.8 
18.8(2.4) 
18.3 
28.5(7.6) 
26.8 
0.78(0.01) 0.77(0.01) 0.77(0.01) 0.76(0.01) 0.78(0.01) 0.77(0.01) 
0.78 0.79 0.75 0.76 0.78 0.76 
STR 
Mean (SD) 0.75(0.19) 0.69(0.16) 0.74(0.17) 0.75(0.15) 0.76(0.17) 0.77(0.15) 
Median 0.77 0.67 0.70 0.76 0.77 0.77 
I Calculated using equations of Slaughters et al, 1988 
Key: AFA= Armfat area, AMC= arm muscle circumference, AMA= Arm muscle area 
WHR= Waist to hip circumference ratio, STR= subscapular to triceps skinfold ratio 
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To explore the nature of variations in fatness with age in the adolescents, the mean 
and the standard error of the mean (sEm) of the follovving pairs of anthropometric 
indicators were plotted against age (Figure 5.1): BMI and percent body fat. FNI and 
FFM, and TSKF and SSKF. A characteristic sex difference in the vanations of these 
indicators with age was observed. While BMI, percent body fat, FNI. TSKF and 
SSKF increased with age in females, there was a transient decrease in the means of 
these variables in males at age 15 years which was not statistically significant for 
BMI (P=0.240) but approached the significance level for percent body fat (P=0.057). 
FFM, however, continued to increase linearly with age in boys. These trends appear 
to be related to gender-specific changes in fat and lean tissue accumulation 
associated with puberty. However since sexual maturational stage was not assessed 
in these teenagers, and since in this study FM and FFM Nvere derived from percent 
body fat, which in turn was estimated using equations that depended on skinfold 
thickness (Slaughter et al., 1988), it is difficult to speculate about the causes of these 
trends in the body composition of the adolescents. 
In summary, a distinct sexual dimorphism in the accumulation of fat during 
adolescence was observed, even in this cross-sectional study. Changes in BMI, 
percent body fat and skinfold thickness with age did not follow the same pattern in 
the Bahraini boys and girls. 
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Figure 5.1. Cross sectional data showing trends with age of B. NIl (A), percent 
body fat (B), FM & FFNI (C) and TSKF & SSKF (D) in adolescent Bahraini 
males and females. Points represent mean ±1 SENI 
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5.1.2.1 Relationship between BMI and other indicators of fatness 
In order to assess the usefulness of BMI as a measure of adiposity in the Bahraini 
adolescents, the age-adjusted correlation coefficient (r) was used to deten-nine the 
relation between BMI and other anthropometric indicators. A statistically significant 
association (P<0.001) was found between BMI and all other anthropometric 
variables studied, except for the fat free mass in girls (Table 5.6). The linear 
relationship between BMI and percent body fat was not limited to the obese group, as 
adolescents with BMI values ý! 85th and those with <85th percentile of the BMI for 
age reference (Must et al., 1991) had similar correlations (r =0.84, P< 0.001 and r 
=0.72, P< 0.001 for boys and r =0.77, P<0.001 and r =0.79, P<0.001 for girls, 
respectively). This indicates that BMI is a good index of obesity in this population. 
Table 5.6. Age-adjusted correlation coefficient (r) of the association between 
BMI and anthropometric and body composition variables by sex 
Sex 
Anthropometric variables Males Females 
r* r* 
Triceps skinfold 0.916 0.897 
Subscapular skinfold 0.914 0.905 
%Body fat' 0.932 0.921 
Body fat mass 0.934 0.959 
Fat free mass 0.302 0.0 11 (N. S. )+ 
Mid upper arm circumference 0.959 0.958 
Waist circumference 0.956 0.941 
Hip circumference 0.931 0.949 
I Calculated using equations of Slaughters el al.. (1988) 
* All values are significant (P<0.001) unless otherwise specified 
+ Non significant (P>0.05) 
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5.1.2.2 Comparison of adolescents'BMI data with the US CDC growth chart 
Figure 5.2 presents a graphical companson of the BMI data of the participants witil 
that of the American adolescent population (the revised growth charts of the Centrc 
of Disease Control) (CDC, 2000). For most age categories, median BMI values of 
the Bahraini teenagers were higher than that of the reference data. especiall. NY in ,,, Iris. 
Boys' BMI median values fluctuated between the 50th and 75th percenti1c. except 
for the ages 12 and 15 years, where the BMI medians fell Nvell below the refereiicc 
median. In girls, however, BMI medians occurred between the 75th and 85tll 
percentiles of the CDC reference; the only exception was girls in the 14 ycars age 
category whose BMI median stayed between the 50th and the 75th percentiles of the 
American reference. 
5.1.2.3 Secular trends of adolescent's BMI in Bahrain 
Participants' mean BMI values were compared to corresponding data froi-ii prcvtous 
surveys conducted on Bahraini 12 to 17-year-old adolescents in 1986 (Musaiger & 
Gregory, 2000) and in 1992 (Musaiger et al., 2000a) (Figure 5.3). There Nvas a clear 
upward shift in the BMI curves indicating a secular trend of increasing obesity. In 
both sexes and at all ages, mean BMI values of the participants were higher than 
those documented in 1986 or in 1992. However, a close agreement between the data 
of the present study and those of previous studies was observed at ages 14 and 17 
years in girls, and at ages 12 and 15 years in boys. In all three studies, there were no 
consistent trends with age. 
In summary, a trend of greater fat accumulation appears to have occurred during the 
last decade and a half in Bahraini adolescents. 
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Figure 5.2. B. N11 median values (filled circles) by age of adolescent Bahraini 
males and females compared to the US CDC B. NIl percentile data. 
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Figure 5.3. Secular trends of adolescent's B. Nll in Bahrain 
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5.1.3 Association of fatness with other health-related risk factors 
The association between body fatness and other variables considered to be indicative 
of greater nsk to health were investigated in the Bahraini boys and girls. Both body II- 
fat, expressed as percentage of body weight, and BMI for age percentile categorý, 
were employed as adiposity indicators to assess associations %vith health risk factors 
which include systolic and diastolic blood pressure status (measured). history of 
diabetes (reported) and body fat distribution indices (WC, WHR and STR). 
1 Association of fatness with other health-related risk factors by 
percent body fat 
The cardiovascular health-related body fat standards for adolescents devcloped by 
Williams et al. (1992) were used to classify participants according to their level of 
fatness. According to this standard a body fat percentage at or abovc 25% in males 
and 30% in females was indicative of increased risk of CVD. When thcse cut-off 
points were applied to the sample, more than half of the girls (60%) and about one 
third of the boys (32%) were found to have percent body fat at or above the high-risk 
threshold. 
A summary of the associations between percent body fat and high blood pressure and 
diabetes in the Bahraini adolescents is presented in Table 5.7. Boys and girls with 
elevated SBP were 2.7 (95% CI=1.3-5.5) and 3.8 (95% CI=1.2-15.7) times, 
respectively, more likely to be in the high-risk group for percent body fat than those 
with non-nal SBP. All of the girls (100%) xvith high DBP had percent body fat at or 
above 30%. In boys, however, there was no significant relationship between DBP 
status and percent body fat (P=0.973). All of the teenagers (100%) who reported 
having diabetes were in the high-risk group for percent body fat. Table 5.8 shows the 
association between percent body fat and fat patterning indicators WC, 
WHR and 
STR. Percent body fat was positively and strongly associated with WC and WHR. 
All of the girls (100("()) and 85% of the boys in the uppermost tertile of the waist 
circumference were in the high-risk group for percent body 
fat. Female and niale 
adolescents in the uppermost tertile of WHR were 7 and 
60 times, respectivelv, more 
likely to have percent body fat exceeding the scx-specific threshold for 
fatness than 
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those in the reference group. In both sexes. no significant association betvveen STR 
and percent body fat was observed (P=0.746 in males and P=O. 163 in females). 
5.1.3.2 Association of fatness with other health-related risk factors by BMI 
for age percentile-category 
A similar pattern of associations was observed between BMI percentile category and 
the studied risk factors (Table 5.9). SBP status in both boys and girls, and DBP status 
in girls only, were significantly associated with BMI. Boys and girls with elevated 
SBP were 3 and 10 times, respectively, more likely to have a BMI at or above the 
95th percentile than the reference groups. All of the adolescents who reported having 
diabetes were in the 95th percentile category of BMI. In both sexes, WC and WHR 
demonstrated a statistically significant association with BMI (P<0.00 1) (Table 5.10). 
More than three quarters of the boys (77 %) and girls (86%) with WC values in the 
uppen-nost tertile were obese (BMI ý! 95th percentile). In girls, odds ratios for WHR 
and STR showed an increasing trend, with the likelihood of obesity in girls in the 
uppermost tertile of these variables being 18.6 (95%CI=7.2- 48.2) and 8.9 
(95%CI=3.7,21.7), respectively. In boys there was no significant association 
between STR and BMI (P=O. 15 1). 
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In summary, Bahraini adolescents' anthropometric iiII- with a-ge. A 
sexual dimorphism, which appears to be related to differential changes in body 
composition during puberty, was observed. There was a decrease in the mean values 
of triceps skinfold, subscapular skinfold, percent fat and fat mass in males, which 
occurred at age 15 years. In contrast, in the female subjects these anthropornetric 
parameters continued to increase steadily with age. Fat free mass rose with age, with 
boys showing greater and more progressive increment than girls. In comparison with 
corresponding data from previous surveys on Bahraini adolescents, the study 
participants had higher BMI values, indicating a secular trend of increasing obesity 
in this population. Nearly twice as many girls (60%) as boys (32%) had a percent 
body fat at or exceeding the high-risk threshold (25 % in males and 30% in females). 
Elevated levels of SBP, WC and WHR were all significantly associated Xvith 
increased body fatness as determined by percent body fat or BMI, and in both sexes. 
DBP and STR were significantly associated with fatness in girls only. 
5.2 PREVALENCE OF OVERWEIGHT AND OBESITY 
The classification of body weight status for this study is based on the BMI for age 
and skinfolds for age criteria of the World Health Organisation Expert Committee 
(WHO, 1995). The United States' BMI reference data published by Must et al. 
(199 1) were used, since a local reference is not available. 
5.2.1 Prevalence of normal weight 
Table 5.11 shows the prevalence of normal weight (BMI for age ý! 5th to <85th 
percentiles) among Bahrain adolescents. More than half of the boys (59%) and the 
girls (58%) were of normal weight. Most of the normal weight occurred at age 15 
years in boys (68%) and age 14 years in girls (70%). 
5.2.2 Prevalence of underweight 
Approximately three times as many boys as girls had BMI for age values 
corresponding to the underweight threshold (i. e. below the 5th percentile) (Table 
5.12). The prevalence of underweight in the male and female teenagers was I I% and 
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3.5%, respectively. In males, the highest rate of underweight was observed among 
the 16 year olds (16.3 %) and the lowest among the 17 year olds (2.9%) whereas in 
females it was about the same in all age groups except the 12 and 13 year olds in 
whom underweight was more frequent (6% and 5%, respectively). 
Table 5.11. Prevalence of normal weight in the sample 
Sex 
Age 
(yrs) 
Male Female 
N Prevalence of normal N Prevalence of normal 
weight' (%) weight' (%) 
12 41 26(63.4) 50 26(52.0) 
13 46 26(56.5) 43 26(60.5) 
14 48 26(54.2) 40 28(70.0) 
15 37 25(67.6) 41 21 (51.2) 
16 43 24(55.8) 40 22(55.0) 
17 34 21 (61.8) 43 25(58.1) 
Total 249 148(59.4) 257 148(57.6) 
1. Normal weight is equivalent to the ý-5th to <85th percentile of BM I for age (WHO, 1995) 
Table 5.12. Prevalence of underweight in the sample 
Sex 
Age (yrs) Male Female 
N Prevalence of underweight Prevalence of underweight 
12 41 5(12.2) 50 3(6.0) 
13 46 5(10.9) 43 2(4.7) 
14 48 4(8.3) 40 1 (2.5) 
15 37 5(13.5) 41 1(2.4) 
16 43 7(16.3) 40 1 (2.5) 
17 34 1 (2.9) 43 1 (2.3) 
Total 249 27(10.8) 257 9(3.5) 
1. Underweight is equivalent to <5th percentile of 
ffMI for age (WHO, 1995) 
5.2.3 Prevalence of overweight and obesity 
Three different sets of criteria/standards were used to define overweight and obesity 
in Bahraini adolescents. The prevalence of overweight and obesity was firstly 
determined using both the BMI for age percentiles and the skinfold for age 
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percentiles as recommended by the World Health Organization (WHO, 1995). In 
addition, overweight and obesity rates were examined using Must et al's (1991) 
criteria, as well as the international BMI cut-off values recently proposed by the 
IOTF (Cole et al., 2000). This was done in order to compare prevalence estimates 
obtained from these three sets of reference indicators, as well as to determine their 
relative applicability for quantifying the degree of fatness in Bahraini adolescents. 
5.2.3.1 Prevalence of overweight and obesity using the WHO-recommended 
criteria of BMI for age and skinfolds for age percentiles 
Table 5.13 shows the prevalence of overweight (BMI ý! 85th percentile and <90th 
percentile of both TSKF and SSKF) and obesity (BMI ý! 85th percentile and ý! 90th 
percentile of both TSKF and SSKF) in the Bahraini boys and girls. Among the boys, 
overweight was more than twice (8%) as prevalent as in girls (3.5%). The overall 
prevalence of obesity was high, especially In girls. About 21% of the males and 35% 
of the females were obese. The highest percentage of obesity occurred at age 14 
years in boys (29%) and at age 16 years in girls (42.5%). Obesity was lowest at age 
15 years in boys (13.5%) and at age 14 years in girls (22.5%). 
5.2.3.2 Prevalence of overweight and obesity using Must et al's BMI for age 
percentile cut-off values 
When Must et al's (1991) cut-off values for overweight (BMI ý: 85th to <95th 
percentile) were applied, an overall prevalence of overweight that was much higher 
than that obtained with the "0 criteria was observed. Thirteen percent of the boys 
and 19% of the girls were overweight (Table 5.14). In contrast, the prevalence of 
obesity (BMI ý! 95th percentile) was considerably lower than that estimated using the 
WHO criteria, ranging from 16.5 % in boys to 20% in girls. 
118 
Chapter V: Results 
Table 5.13. Prevalence of overweight and obesity in the sample using the NN'HO- 
recommended criteria of BMI for age and skinfolds for age 
Sex 
Age (yrs) Male Female 
N Overweight' ObesiW N Overweight' Obesity' 
12 41 3(7.3) 7(17.1) 50 2(4.0) 19(38.0) 
13 46 4(8.7) 11(23.9) 43 1(2.3) 14 (3 2.6) 
14 48 4(8.3) 14(29.2) 40 2(5.0) 9 (2 2.5) 
15 37 2(5.4) 5 (13.5) 41 3(7.3) 16(39.0) 
16 43 4(9.3) 8(18.6) 40 0 17(42.5) 
17 34 4(11.8) 8(23.5) 43 1(2.3) 16(37.2) 
Total 249 21(8.4) 53(21.3) 257 9(3.5) 91(35.4) 
I. Overweight is equivalent to ý! 85th percentile of BMI for age plus <90th percentile of both TSKF and SSKF (WHO, 1995) 
2. Obesity is equivalent to ý! 85th percentile of BM I for age plus ý90th percentile of both TSKF and SSKF (WHO, 1995) 
Table 5.14. Prevalence of overweight and obesity in the sample using Must et 
Ws BMI for age percentile cut-off values 
Sex 
Age (yrs) Male Female 
N Overweight' Obesityz N Overweight' Obesityz-- 
12 41 8(19.5) 2(4.9) 50 11(22.0) 10(20.0) 
13 46 5(10.9) 10(21.7) 43 9(20.9) 6(14.0) 
14 48 6(12.5) 12(25.0) 40 6(15.0) 5(12.5) 
15 37 3(8.1) 4 (10.8) 41 7(17.1) 12(29.3) 
16 43 4(9.3) 8(18.6) 40 8(20.0) 9(22.5) 
17 34 7(20.6) 5(14.7) 43 7(16.3) 10(23.3) 
Total 249 33(13.3) 41 (16.5) 257 48(18.7) 52(20.2) 
1. Overweight is equivalent toa85 to <95th percentile of BMI for age (Must el al., 1991) 
2. Obesity is equivalent to ý! 95th percentile of BMI for age (Must et aL, 1991) 
5.2-3.3 Prevalence of overweight and obesity using the IOTF BMI cut-offs 
When the sex and age specific BMI cut-off points of the IOTF (Cole et al., 2000), 
which are consistent with the accepted cut-off points for adult overweight and 
obesity (i. e. BMI 25 and 30 k g/M2 , respectively), were used, a 
lower estimate of the 
overall prevalence of obesity was found compared to that seen using either the WHO 
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or Must et al indicators (Table 5.15). Fifteen percent of the boys and 18% of the girls 
were obese. In contrast, overall rates of overweight were higher, ranging from I 5, o in 
males to 24.5 % in females. 
Table 5.15. Prevalence of overweight and obesity in the sample using the IOTF 
BMI cut-off values 
Age (yrs) 
N 
Male 
Overweight Obesity- N 
Female 
Overweight Obesitv 
12 41 8(19.5) 2(4.9) 50 14(28.0) 8(16.0) 
13 46 7(15.2) 8(17.4) 43 12(27.9) 5(11.6) 
14 48 8(16.7) 10(20.8) 40 9(22.5) 5(12.5) 
15 37 3(8.1) 4(10.8) 41 9(22.0) 10(24.4) 
16 43 4(9.3) 8(18.6) 40 10(25.0) 8(20.0) 
17 34 8(23.5) 5(14.7) 43 9(20.9) 10(23.3) 
Total 249 38(15.3) 37(14.9) 257 63(24.5) 46(17.9) 
*Overweight and obesity are defined according to the IOTF standard as BMI ý! age specific BMI cut-offs corTespondingtoa 
BMI of 25 k g/M2 and BMI of 30 k g/M2 , respectively, at age 18 years (Cole et al., 2000) 
5.2.4 Comparison of overweight and obesity prevalence estimated by three 
different sets of criteria/standards 
A comparison of the rates of overweight and obesity estimated by three different sets 
of standards in the male and female adolescents is shown in Table 5.16. In both sexes 
and at almost all ages, the WHO criteria gave lower estimates of the prevalence of 
overweight but higher estimates of the prevalence of obesity than the indicators and 
cut-offs recommended by Must et al. (1991) or IOTF (Cole et al., 2000). This 
appears to be related to the fact that according to the WHO criteria, obesity is defined 
on the basis of both BMI and skinfold thickness. As a result, when these cut-offs 
were applied to the data set, overweight participants (ý! 85th BMI percentile) who also 
had a high subcutaneous fat store (ý! 90th percentile of both the TSKF and SSKF) 
were shifted from the overweight category to the obese category, resulting in lower 
estimates of overweight and higher estimates of obesity than those determined by the 
other standards (i. e. Must et al. and IOTF). 
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Relative to Must et al. 's standard, the IOTF cut-offs gave greater estimates of 
overweight prevalence, but lower estimates of obesity prevalence. However, there 
were a few exceptions when both standards gave identical rates of overweight and 
obesity. In boys this occurred at ages 12,15 and 16 years, whereas in girls this was 
observed only in the obese group at ages 14 and 17 years. Estimates of the overall 
prevalence of overweight and obesity obtained with the Must et al. and the IOTF 
standards were generally close, with differences generally being <2.3 percentage 
points for obesity and <5.8 for overweight. 
Table 5.16. Prevalence (%) of overweight and obesity among adolescent 
Bahraini males and females using three sets of criteria/standards 
Weight Criteria/standards Age (years) Total---- 
Status 
12 13 14 15 16 17 
Males (n=4 1) (n=46) (n=48) (n=3 7) (n=43) (n=34) (n=249) 
Overweight WHO (1995) 7.3 8.7 8.3 5.4 9.3 11.8 8.4 
MUST et al. (199 1) 19.5 10.9 12.5 8.1 9.3 20.6 13.3 
IOTF- Cole et al. (2000) 19.5 15.2 16.7 8.1 9.3 23.5 15.3 
Obese WHO (1995) 17.1 23.9 29.2 13.5 18.6 23.5 21.3 
MUST et al. (199 1) 4.9 21.7 25.0 10.8 18.6 14.7 16.5 
IOTF- Cole et al. (2000) 4.9 17.4 20.8 10.8 18.6 14.7 14.9 
Females (n=50) (n=43) (n=40) (n=4 1) (n=40) (n=43) (n=257) 
Overweight WHO (1995) 4.0 2.3 5.0 7.3 0.0 2.3 3.5 
MUST et al. (199 1) 22.0 20.9 15.0 17.1 20.0 16.3 18.7 
IOTF- Cole et al. (2000) 28.0 27.9 22.5 22.0 25.0 20.9 24.5 
Obese WHO (1995) 38.0 32.6 22.5 39.0 42.5 37.2 35.4 
MUST et al. (199 1) 20.0 14.0 12.5 29.3 22.5 23.3 20.2 
JOTF-Cole et al. (2000) 16.0 11.6 12.5 24.4 20.0 23.3 17.9 
In summary, the prevalence of obesity among Bahraini adolescents between the ages 
of 12- 17 years varies according to the criteria used to define obesity and overweight. 
Obesity in the Bahraini teenagers was highest (21% in males and 35% in females) 
when the WHO recommended criteria were applied, and lowest (15 % in males and 
18% in females) when the BMI cut-off values of the IOTF were used. 
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5.3 DETERMINANTS OF OBESITY IN THE STUDY POPULATION 
In this section selected socio-demographic and dietary factors, as well as physical 
activity and inactivity and other behavioural factors, were examined to determine 
whether they were associated with risk of obesity in the sample of Bahraini 
adolescents. Participants were first divided into two groups according to their BMI 
for age percentile category membership and then contingency tables Nvere 
constructed for the selected factors. Chi-square statistics and chi-square for trend 
were used to determine the presence of association between the variables. Risk was 
estimated using odds ratios and 95% Cl. 
In order to more clearly contrast characteristics of obese teenagers from those 
categorised as non-obese or of non-nal weight, two models of BMI classification 
(Must et al., 1991) were employed in the assessment of the association bet\vcen the 
selected determining factors and the dependent variable (BMI). These models wcrc: 
Model-I: The dependent variable, BMI for sex and age, was categorized as: 
Non-obese (BMI<85th percentile) 
Obese (BMI ý! 85th percentile) 
Model-11: The dependent variable, BMI for sex and age, was categorized as: 
Normal weight (BMI ý: 5th to <85th percentile) 
Obese (BMI ý! 95th percentile) 
Logistic regressions were carried out to examine the independent effects of various 
contributing factors (socio-demographic, dietary habits, physical activity and 
inactivity behaviours) and the outcome variable (obesity). Criteria for logistic 
regression model entry were fixed at a level of significance of P value < 0.2 and/or 
9 o" 5,0 CI that does not include 1.0. This Nvas deemed necessary in order to avold 
rejection of variables too early in the regression process. Elimination of variables 
Nvas donc on the basis of least significance using Wald test (in SPSS). In the end 
only statistically significant variables (i. e. P<0.05) Nvere included in the multivariatc 
model. 
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5.3.1 Socio-demographic factors 
Tables 5.17 and 5.18 summarise the relationship between the socio-dernographic 
charactenstics of Bahraini adolescent participants and the dependent ý-ariable B%Il 
assessed using the above-mentioned two BMI-category models, Model-I and Model- 
11, respectively. The socio-demographic characteristics studied included, age, father's 
occupation and mother's occupation, level of education attained by father and mother 
and the number of siblings. Adolescents were classified into 2 age groups (1-1-14 
years and 15-17 years). Parents' occupational status was categorised as -ýN, orkillg and 
not working. Parents' education was defined as low (illiterate and those \vho could 
read and write only), middle (primary and intermediate school education) and high 
(secondary school and college education). 
5.3.1.1 Model-I 
Nearly 30% and 39% of the boys and girls, respectively, had a BMI value equal to or 
greater than the 85th percentile of the BMI for sex and age reference and thus were 
classified as obese (Table 5.17). 
5.3.1.1.1 Age 
In both males and females, no significant difference was found between age group 
and obesity status. However, obesity tended to decrease Nvith age in boys whereas in 
girls it tended to increase with age. In boys, obesity was more prevalent (32%) 
among the 12-14 year olds than in the 15-17 years age group (27%) (P=0.423). In 
contrast, older girls had a higher percentage of obesity (43%) compared to the 
younger group (35%) (P=0.224). 
5.3.1.1.2 Parents'occupation 
The occupational status of the fathers and mothers showed no statistically significant 
association xvith the occurrence of obesity among the adolescents. Howe'ver, obesity 
was more prevalent among those boys and girls of working mothers than in those 
whosc mothers \N, cre not working (33% Vs. 29% in boys and 43% Vs. 38% in girls). 
A similar picture Nvas scen with father's occupation, but only in girls. In boys, 
12 
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obesity was higher among those of non-working fathers (35%) than in those whose 
fathers had jobs (29%). 
5.3.1.1.3 Parents' education 
While there was no significant association between the level of education attained b\- 
the father and obesity in the adolescents, more than half of the obese bovs (650o) and 
obese girls (64%) had fathers who had a high level of education compared to 230/o 
and 26% with middle education and 12% and 10% with a low level of education, for 
boys and girls respectively. Mother's educational level was significantlý, associated 
with the risk of being obese in girls. Of those females whose mothers had a high 
level of education, 45% were obese compared to 40% and 25% obese among those 
whose mothers had middle and low education levels, respectively. The odds of 
obesity among girls who have highly educated mothers were more than two times 
that of the reference group (OR=2.38,95%CI=1.2 to 4.8). In boys, the odds of 
obesity were not significantly associated with the level of mother's educatioii 
(OR=0.9,95%CI=0.4 to 1.8). 
5.3.1.1.4 Number of siblings 
No significant association was found between the number of adolescents' siblings 
and their obesity status (P=0.061 in boys and P= 0.288 in girls), but obesity in boys 
tended to decrease with increasing number of siblings, whereas in girls no specific 
trend was noted. 
5.3.1.2 Model-11 
The association between the socio-demographic factors and BMI was further 
explored by categorizing participants into obese and normal weight (Model-11). As in 
Model-1, there was no statistically significant relationship between obesity and age, 
parents' occupation, father's education or number of siblings (Table 5.18). Mother's 
education continued to show a significant and positive association with obeslt%, but 
only in girls (OR= 2.4 3,95ý o CI= 1.1 to 5.7, P-N, alue=0.0 18). 
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Chapter F. - Resulis 
In summary, there was no significant association between BMI and the socio- 
demographic factors studied. The only exception , N, as mother's educational 
attainment, which was strongly and positively associated with obesity in girls. but 
not in boys. 
5.3.2 Dietary habits and behavioural factors 
Dietary habits and other eating behaviours, namely eating breakfast dailý', snacking 
habits,, frequency of intake of fruit and fast food, eating meals with the family, eating 
ineals while watching TV, distress eating, and behaviour vvhen not humrv at 
mealtime were examined to assess the strength of the association between these 
factors and risk of obesity among the adolescent participants using Model-I aild 
Model-11 of BMI category. 
5.3.2.1 Model-I 
Tables 5.19 and 5.20 show the results of the bivariate analysis of the dietary habits 
and other behavioural factors of the Bahraini adolescents, using BMI category 
Model-1. 
5.3.2. LI Eating breakfast daily 
Forty nine percent of the boys and 60% of the girls reported that they did not eat 
breakfast daily. Of those who skipped breakfast, 33% of boys and 42% or girls were 
classified as obese compared to 26% and 34% in the breakfast eating group, 
respectively. However, odds ratio showed no significant increase in risk of being 
obese for those adolescents who skipped breakfast (in boys OR=1.41.95%CI=0.8 - 
2.5 and in girls OR=1.38,95%CI=0.8 - 2.4). 
5.3.2.1.2 Snacking habits 
Approximately 21% and 16% of the boys and girls, respectIvcly. reported that thcy 
frequently ate snacks late at night. There was a significant associatiori betNN'ccn night- 
time snackim, and obcsity in boys (P=0.001), but not in giris (P=0.842). Boys w1lo 
frequently snacked at night were about three times morc likely to hccorne obese tliaii 
12 
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those who rarely did so (OR=2.80,95%CI=1.4 to 5.5). A similar trendA-as obsen-ed 
in relation to afternoon snacking. Obesity was more frequent among boys who 
snacked in the afternoon (34%) compared to those who did not take afternoon snacks 
(23%). However, the P-value was only marginally significant (P---0.0693). In girls, 
there was no clear difference between the two groups (P--0.786). 
5.3. Z1.3 Intakeoffruit 
No significant association was found between frequency of fruit consumption and the 
risk of obesity, in both males (P=0.513) and females (P--0.366). Approximately 27% 
of the boys and 40% of girls did not eat fruit daily. 
5.3.2.1.4 Intake offastfood 
Frequency of fast food consumption was assessed with the question "About how 
many times per week do you eat take-away fast food? ". Forty seven percent of the 
boys and 51% of girls reported eating takeaway fast food more than twice per week. 
While there was no significant difference between frequency of consumption of fast 
foods and risk of being obese in boys, girls who ate fast foods twice or more per 
week had significantly higher odds of obesity than those who reported no intake or 
once a week (OR = 1.77,95%C1 = 1.03 - 3.04). 
5.3.21.5 Eating meals with thefamily 
A significant and negative relationship between obesity and frequency of eating 
meals with family members was observed among girls (P<0.001) (Table 5.20). Girls 
who frequently ate their meals with the family had a significantly lower risk of 
obesity than those who rarely did so (OR=0.23,95%CI=0.09 to 0.58). In boys, there 
was no significant association between eating meals with the family and risk of being 
obese (P--0.352). 
5.3.2.1.6 Eating meals while watching TV 
More than half of the adolescents (57% in boys and 52% in girls) reported that they 
often ate their meals while watching TV. Relative to those who rarely ate in front of 
12.8 
Chapter V. - ResidiN 
the TV, girls who frequently ate their meals while watching T\' Nvere about two 
times more likely to be obese (OR=1.80,95%Cl=l. l to 3.1). In bovs, no si, -, iiificant 
difference was found between the two groups (P=0.369). 
5.3.2.1.7 Distress eating 
Distress eating was ascertained by asking participants how frequently tlleý' resorted 
to eating when upset, angry or in a negative mood. While no association bemccil 
frequency of distress eating and risk of being obese Nvas observed among hoý's, girls 
who tended to find solace in food when upset were 2.8 times (95% CI=1.2- 6.3) more 
at risk of being obese than those who rarely used food for comfort. 
5.3.2.1.8 Behaviour when not hungry at mealtime 
When participants were asked the following question, " When it is a mealtime and 
you are not hungry what would you do? Not eat, eat less or eat the same", more than 
60% of the teenagers responded by saying that they tended to eat less or the sanic. 
Interestingly, obesity was more prevalent among those who reported not eating 
compared to those who admitted eating less or the same (34% Vs. 27%, in boys and 
50% Vs. 34%, in girls). The relationship between obesity and behai, iour it, hen not 
hungt-i, at mealtime was significant in girls (P=0.0 12), but not in boys (P=0.293). 
5.3.2.2 Model-11 
Dietary habits and eating behaviours were further examined using Model-11 of BMI 
categories. In general, a similar trend to that of Model-I Nvas found for all variables 
studied (Table 5.21 and 5.22). The weak association seen in Model-I between eating 
breakfast (Iai4v and obesity status in girls reached a significant level when Nlodcl-ll 
was applied (P=0.037). Thirty one percent of girls who skipped breakfast %%ere 
obese compared to 18% among those who did take breakfast. However, the odds 
ratio did not show a significant increase in the risk of obesity (OR=2.1,95"()Cl= 1.0 
to 4.6). 
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Chamer V. - Results 
In males5 afternoon snacking continued to be significantly related to obesitN' 
(P=0.023), whereas snacking late at night, was no longer significant (P=0.227). The 
risk for being obese was 2.4 (95% CI= 1.1 - 5.5) times more for boYs who frequentlý- 
took afternoon snacks compared to those who rarely did so. In girls, neither 
afternoon snacking nor late night snacking shoxved any significant difterencc 
between the obese and normal weight group (P--0.567) (P--0.833), respectivel\'. Girls 
who reported eating fast foods twice or more per week had a significantly -'rcater 
risk of being obese than those who reported low levels of intake (less than twice per 
week) (OR=2.56,95%CI=1.3 - 5.3). In boys, there was no significant difference Z' 
between the two groups (P=0.213). As in Model-1, no significant difference was 
found in relation to the intake of fruit in both boys (P=0.644) and girls (P=0.547). 
Among girls, eating meals with thejami4i, was associated vvith a significant reduction 
in risk of obesity (OR=0.19,95%CI= 0.06 - 0.56), whereas cating meals 101ile 
watching TV and distress eating were associated NvIth 2.2 and 3.8 times o, 'reater 
likelihood of being obese, respectively, compared to the reference group (Tablc 
5.22). 
In summary, adolescents who practice eating behaviours vý'hich are generally 
considered "unhealthy", have increased risk of being obese. A sex difference was 
observed in the relationship between risk of obesity and most of the dietary and 
behavioural variables studied. Girls who skip breakfast, consume fast foods more 
than twice per week, eat their meals while watching TV and practice distress eating 
have a significantly greater risk of development of obesity compared to those who do 
not demonstrate these behaviours. Eating nieals i0th thefamily was found to havc a 
protective effect in girls. In males, frequent snacking was the only variabic among 
the dietary and behavioural factors that appeared to be related to an increased risk of 
obesity. 
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Chapter V. - Results 
5.3.2.3 Frequency of intake of some common foods 
In order to determine whether frequency of intake of food was associated with 
increased risk of obesity among the adolescents, a short food frequencY questionnaire 
that included 18 items, representative of some common foods and snacks usuallý' 
appreciated by teenagers (see questionnaire in Appendix 4. -\), was administered to 
the participants. The results of the analysis of the food frequency questionnairc are 
presented in Appendix 7. 
In general there appeared to be no association between the frequency of consumption 
of foods and the occurrence of obesity among the adolescents. Of the eighteen food 
items analysed only fruit juice, nuts, sweets and puffed corn showcd significant 
associations with obesity. Of the boys who reported a high intake of fruit juice (4 
times per week or more), 26% were obese compared to 38% among the low intake 
group (less than 4 times per week) (P=0.049), but odds ratios showed no significant 
decrease in the risk of obesity (OR=0.57,95%CI=0.31-1.04). 
The consumption of sweets, puffed corn and nuts showed the opposite picture. It \vas 
rather unexpected to find that boys with a high intake of sweets had significantly 
lower risk of being obese than those with a low intake (OR=0.45,95%CI=0.25-0.78). 
Similarly, the prevalence of obesity was significantly lower among girls ývith high 
intakes of puffed corn (P=0.012) and nuts (P=0.046) than among those \vitll low 
intakes, but odds ratio showed significant reduction in risk only for intake of puffed 
corn (OR=0.51,95%CI=0.29-0.89). 
13 
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5.3.3 Behaviours related to physical activity and inactivity 
Physical activity and inactivity behaviours were assessed in the adolescents to 
determine their association with the risk of being obese. BehaNiours related to 
physical activity were ascertained with the questions: "How do you go to school" 
walking, cycling or by car/bus" and " How often do you play sport outside school" 
seldom, sometimes, frequently" and "Do you participate in school's ph%sical 
education classes (PE)? always, sometimes, rarely". Inactivity level v,, as determined 
by asking participants about hours per day spent watching TV and time spent in other 
sedentary activities, such as doing homework, reading and playing video computer 
games (see questionnaire in Appendix 4A). 
5.3.3.1 Model-I 
The associations between physical activity and inacti\, ity behaviours of Bahraim 
adolescents and risk of obesity using Model-I of BMI category are presented in Tablc 
5.23. 
5.3.3.1.1 Walking/cyclingto school 
Only 20% of the male and 11% of the female participants reported that they walked 
or cycled to school daily. Of those boys and girls who reported walking or cycling to 
school, 16% and 30% were obese compared to 33% and 40% among those who 
travelled to school by other means, respectively. Boys who walked or cycled to 
school had a significantly lower risk of obesity than those who travelled to school by 
car or bus (OR=0.38,95%CI=0.16 - 0.91). A similar trend was seen among girls but 
the association was not statistically significant (P=0.295). 
5.3.3.1.2 Playing sport outside school 
Forty four percent and 71% of the male and female teenagers, respectively, reported 
that they scldom played any kind of sport other than school PE classes. PlaYing sport 
outside school was significantly associated with a dmInIshed risk of bc, n, -, obese 
in 
both sexes. Tile odds ratio slioNN, cd a "dose response relationship- Nvith boy, and girls 
136 
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who frequently play sport being 62% and 81%, respectively, less likely to be obese 
than those who rarely play sport (reference group). 
5.3.3.1.3 Participation in school PE classes 
The vast majority of the adolescents (85% of boys and 91% of girls) reported that 
they always participate in school PE classes. There was no significant association 
between participation in PE classes and risk of obesity in both the boys (P'---0.998) 
and girls (P---0.637). 
5.3.3.1.4 Hours of TV watching 
There was no significant difference in mean hours of TV viewing per day between 
boys (2.65±1.7) and girls (2.82±1.5) (P=0.248). Fifty eight percent of the boys and 
67% of the girls reported watching TV for more than three hours per day. There was 
a trend towards increasing obesity with increasing hours of TV viewing which 
reached significance levels in boys only (P=0.020). Boys who watched TV for more 
than 3 hours per day were three times as likely to be obese than those watching for 
less than 2 hours per day (OR=2.9,95%Cl=l. I to 7.4). 
5.3.3.1.5 Hours of sedentary activities 
More than twice as many girls (57%) as boys (26%) reported spending more than 4 
hours per day in sedentary activities other than TV viewing. In both sexes, hours of 
sedentary activities showed no statistically significant trend suggestive of an 
association with obesity (P--0.301 in boys and P=0.146 in girls). However, rates of 
obesity were highest among boys (34%) and girls (41%) who spent more than 4 
hours per day in sedentary activities compared to those who devoted less than 2 
hours per day for such activities (26%) and (22%), respectively. When the analysis 
was repeated with both sexes combined, a statistically significant relationship 
emerged (P--0.018). The risk of being obese was 1.93 (95%CI= 1.13 to 3.31) times 
more for adolescents engaging in sedentary activities for more than 4 hours per day 
than in those who spent less than 2 hours per day in such activities. 
137 
(U 
GA 
v2 
li 
9.1 
.2 (L) > CL( 
CZ U OW 
ci 
»Z kn 
V 
-V 0 
Z' 
"ti 
rIý) = ri (X 
un 
00 
"o ol 
Qi 
:i 
W) 
Q) 
0 
i) 
00 
v 
00 JD 
Al 0 
4- 
C's 
kr) 
00 
Al 
ý: j 
r_ 
61 
r. 
f- 
Ic, C7, Ic, 
C> 
C) 
C) ý11 (14 r14 I- 
00 
r-) Cý -t - rn - - - -t C, CIIA V') DC 
C) I'D 00 00 r4 
C) Clý 00 rn re) OC C, (1) r, 4 
00 rn OC) 
rq cq 
00 00 rq kf') 
rrý rlý 
C) C) C) 
C) 
6 
00 Cý Cý C14 
I'D ItT 
110 00 
C) NT 
r- 
0 
00 
cle) T ýo ItT \Z) 
r14 C> 00 
0ý 
ff) 
kr) 
(14 
Cý 
00 
cý CD* 
,Z 
r- 
<1 ?o ýý 
- - - zz 
75: 
fN - rn ri 
zi 
', -. t 
.s 
15 
cn 
r- C zi Z .= '-, -3 >ý zr -F v- 
-ý7. 
00 
Chapter T".. Results 
5.3.3.2 Model-11 
When the analysis was repeated using Model-Il of BMI category to compare obese 
(BMI >95th percentile) with the normal weight group (BMI ý! 5th -<85th percentile), 
a trend consistent with that of Model-I was seen (Table 5.24). There was a dose- 
response relationship between playing sport outside school and obesity, which was 
stronger than that noted in Model-1. Boys and girls who frequently played sport had a 
significantly lower risk of obesity than those who seldom played sport (OR= 0.23, 
95%Cl =0.09 to 0.59 for boys and OR=O. 11,95%CI=0.01 to 0.83, for girls). There 
was no significant association between walkingIcycling to school and weight status, 
but obesity was less prevalent among those who walked or cycled to school than in 
those who reported travelling to school by other means (12% Vs. 24% in boys and 
14% Vs. 28% in girls). As in Model-1, participation in school PE showed no 
significant relationship with obesity in the adolescents. 
Though no significant association was found between hours of TV watching and risk 
of obesity, there was a trend suggestive of increasing obesity with increasing hours 
of TV viewing. Of those teenagers who watched TV for more than 3 hours per day, 
26% of the boys and 28% of the girls were classified as obese, compared with only 
10% and 19% among those watching TV for less than 2 hours per day, respectively 
(P--0.066 for boys and P--0.346 for girls). No clear trend was observed in the 
relationship between hours of other sedentary activities and risk of obesity in the 
teenagers. 
In summary, playing sport outside school in males and females and walking1cycling 
to school in males only were associated with a decreased risk of being obese. Boys 
and (at a lower level of significance) girls who watched TV for more than 3 hours 
per day experienced a greater risk for obesity compared to those watching for less 
than 2 hours per day. Hours spent in sedentary activities, other than TV vie\\'ing, 
showed no significant relationship with obesity in both sexes. 
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5.3.4 Family history of chronic diseases 
Family history of chronic diseases was determined with the question "do your 
parents suffer from: diabetes, heart disease and hypertension". Adolescents %N'ho 
reported that they did not know whether their parents had these diseases (6% to II %) 
were excluded from the analysis. Reports of participants were verified by checking 
them against reports of their mothers, which were obtained for the sub-sample of 
adolescents recruited in the family environment (case/control) study. Correlations 
between the teenagers' reports and that of their mothers for the occurrence of 
diabetes, heart disease and hypertension in parents were as follows: r =0.44, 
P<0.001 for diabetes; r-- 0.16, P<0.05 for heart disease and r =0.39, P<0.001 for 
hypertension. 
5.3.4.1 Model-I 
Approximately 23 % of the boys and girls reported that one or both of their parents 
suffered from diabetes (Table 5.25). Among the males, a strong relationship between 
parental diabetes and obesity was observed (P<0.001), whereas in females the 
association was not strong and significant (P---0.120). Of those teenagers whose 
parents had diabetes, 51% of the boys and 49% of the girls were obese compared to 
27% and 38% obese among those in whom neither parent had diabetes, respectively. 
The risk of being obese in boys of diabetic parents was 2.87 (95%Cl =1.45 to 5.69) 
and in girls was 1.59 (95%Cl =0.85 to 2.99). 
Eight percent of the boys and 5% of the girls had parents who suffered from heart 
disease and about 26% and 24%, respectively, had one or two parents with a history 
of hypertension. Neither heart disease nor hypertension in parents was found to be 
associated with obesity in the adolescents of both genders. Of those boys and girls 
who reported heart disease in parents, 28% and 50% were classified as obese 
compared to 33% and 39% obese in those neither of whose parents suffered 
from 
heart disease, respectively. The prevalence of obesity in participants whose parents 
were hypertensive was 34% in both the boys and girls, whereas the prevalence of 
obesity in the non-hypertensive parent group was 33% and 41 
%, respectively. 
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Chamer V. - Results 
5.3.4.2 Model-11 
When the association between parental occurrence of chronic diseases and obesitý' in 
children was further examined in the obese (BMIý! 95th percentile) and the normal 
weight group (BMI ý! 5th - <85th percentile), parental diabetes continued to be 
significant in the male group (P<0.001) (OR=4.1,95%Cl = 1.8 to 9.4) (Table 5.26). 
As in Model-1, no significant association was detected between diabetes in parents 
and obesity in females. Heart disease and hypertension in parents showed no 
association with obesity in both the boys and girls. 
in summary, boys who had one or both parents with a history of diabetes 
demonstrated a greater risk of being obese than those in whom neither parent was 
diabetic. There was no significant relationship between obesity in adolescents and 
parents' history of heart disease or hypertension 
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Chapter V. - Results 
5.3.5 Multivariate analysis 
To detennine the independent influence of the studied variables on the outcome 
variable (obesity defined according to Model- I and Model-11 of BMI categorý, ), -I 
multivariate models were estimated (for each sex separately). The adjusted odds 
ratios and their corresponding 95% CI are presented in Tables 5-27 to 5.30. 
5.3.5.1 Model-I 
Late night snacking, diabetes in parents, walking1cycling to school and plaYing Sport 
outside school were all independently associated with obesity in male adolescents 
(Table 5.27). Boys who frequently snacked late at night were three times as likely to 
be obese as those who rarely did so (OR=3.01,95%Cl= 1.45 to 6.27). Compared to 
those with no family history of diabetes, boys with one or both diabetic parents had 
2.58 times (95%CI=1.3 to 5.11) greater risk of being obese. The risk of being obese 
was significantly lower among boys who walked or cycled to school than in those 
who travelled to school by other means (OR= 0.26,95% Cl =0.10 - 0.63). Playing 
sport outside school was associated with a 60% reduction in risk of obesity aniong, 
boys (OR=0.40,95%CI=0.22 - 0.74). 
Table 5.28 shows the adjusted odd ratios for obesity in female adolescents. Mother's 
lei, el of education, distress eating, frequency of eating ineals ivith the Jatniýl, and 
playing sport outside school were all independent factors associated with obesity in 
girls. Odds ratio relating obesity in girls to mother's education showed a significant 
dose response relationship. Compared with girls of poorly educated mothers, girls 
whose mothers had middle or high education had 2.98 (CI=1.30- 6.79) and 3.72 
(CI=1.71- 8.16) greater nsk of obesity, respectively. Girls who ate Nvhen upset or 
angry (distress eating) were more than three times at risk of being obese than those 
who rarely did so. Eating meals with other family members was associated with an 
821ýý) reduction in risk of obesity. Compared to those who rarely playcd an\- sport 
outside school, girls who frequently played sport had less risk for developing obesitv 
(OR=0.3 1, CIA. 16-0.6 1 
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Table 5.27. Multivariate analysis of selected factors based on BNII percentile 
category-Model-I for male adolescents (. N=226) 
Factor Odds ratio (95%Cl)* P -,, -alue** 
Factors associated with increased risk: 
-Snacking late at night 
-Diabetes in parents 
Factors associated with reduced risk: 
-Walking/cycling to school 
-Play sport outside school 
3.01 (1.45- 6.27) 0.001, 
2.58 (1.31-5.11) 0.006 
0.26 (0.10- 0.63) 0.003 
0.40 (0.22-0.74) 0.003 
*Odds ratio and 95% confidence interval calculated using logistic regression, adjusted for age and other variables in the table. 
**Wald test 
Table 5.28. Multivariate analysis of selected factors based on BNII percentile 
category-Model-I for female adolescents (N=257) 
Factor Odds ratio (95%CI)* P --,, alue** 
Factors associated with increased risk: 
- Mother education 
Low 
Middle 
High 
-Distress eating' 
Factors associated with reduced risk: 
- Eating with the family frequently 
- Playing sport outside school 
Reference category 0.004 
2.98 (1.30- 6.79) 0.010 
3.72 (1.71 -8.16) 0.001 
3.20 (1.40-7.31) 0.006 
0.18 (0.07-0.46) 0.000 
0.31 (0.16-0.61) 0.001 
I Eating when upset, angry or in negative mood 
*Odds ratio and 95% confidence interval calculated using logistic regression, adjusted for age and other ý ariables in the table. 
"Wald test 
140 
Cha ter V. - Results 
5.3.5.2 Model-11 
When multivariate logistic regressions were carried out using Model-11, NN-hich 
categorises the dependent variable BMI into obese and nonnal weight, neither late- 
night snacking nor walkinglcycling to school were significantly related to obesity in 
boys (Table 5.29). However, eating snacks in the afternoon showed a significant 
association with the outcome variable, i. e. obesity. Boys who frequently took 
afternoon snacks were more than twice as likely to become obese as those who 
demonstrated the opposite behaviour. The adjusted odds ratio for diabetes in parents 
and playing sport outside school showed a stronger association with obesity than that 
observed in Model-1, (OR =3.66,95%CI=1.63 to 8.18 and OR=0.29,95%CI=O. 14 to 
0.64 respectively), indicating that both variables were independent contributing 
factors to the risk of obesity among Bahraini adolescent boys. 
In the females, mother's education, distress eating, eating with the family and 
playing sport outside school continued to be independently associated with the risk 
of being obese (Table 5.30). Girls whose mothers had a high level of education and 
those who reported frequent distress eating were six and seven times, respectively, 
more likely to be obese compared to the reference group. Girls who ate meals with 
their family and those who played sport outside school had a more than 80% 
reduction in the risk of obesity. 
Table 5.29. Multivariate analysis of selected factors based on BMI percentile 
category-Model-11 for male adolescents (N=173) 
Factor Odds ratio (95%Cl)* P -value** 
Factors associated with increased risk: 
- Eating afternoon snack 2.32 (1.02 -5.28) 0.046 
- Diabetes in parents 3.66 (1.63- 8.18) 0.002 
Factor associated with reduced risk: 
- Playing sport outside school 0.29 (0.14 -0.64) 0.002 
*Odds ratio and 95% confidence interval calculated using logistic regression, adjusted for age and other variables in the table. 
**Wald test 
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Table 5.30. Multivariate analysis of selected factors based on B'. %ll percentile 
category-Model-Ii for female adolescents (N=200) 
Factor Odds ratio (95%Cl)* P -, *--alue** 
Factors associated with increased risk: 
-Mother's education 
Low 
Middle 
High 
-Distress eating 
I 
Factors associated with reduced risk: 
- Eating with the family 
- Playing sport outside school 
Reference category 0.003 
2.62 (0.82-8.40) 0.106 
6.00 (2.04-17.67) 0.001 
7.05 (2.44-20.41) 0.000 
0.12 (0.04-0.39) 0.000 
0.16 (0.06-0.44) 0.000 
I Eating when upset, angry or in negative mood 
*Odds ratio and 95% confidence interval calculated using logistic regression, adjusted for age and other variables in the table. 
** Wald test 
In summary, frequent snacking and family history of diabetes in boys and levc] of 
mother's education and distress eating in girls were all independent factors 
associated with an increased risk of obesity. Factors associated with a reduced risk of 
obesity included playing sport outside school in both boys and girls, ývalking or 
cycling to school in boys and eating with family in girls only. 
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5.4 THE FAMILY ENVIRONMENT AS A DETERMINANT OF OBESITY 
The relationship between obesity in the adolescents and pennatal factors, parental 
obesity and other factors related to the family environment ýý'as im-estigated in a 
separate case control study involving 214 (107 obese and 107 non-obese) adolescents 
and their parents. The two sexes were combined in all the anaIN'ses because of the 
small sample size. 
Examination of the findings of the case control study showed a resemblance with 
findings of the cross-sectional study, suggesting similarities betwcen the two 
populations. 
5.4.1 Socio-demographic factors 
Table 5.31 shows crude association of socio-demographic factors (parents' age, 
occupation and level of education and number of child's siblings) and obesitv in the 
adolescents. 
5.4.1.1 Parents'age 
Mean age (years) of obese and non-obese adolescents' fathers was 48.0 ± 8.9 and 
47.0 9.2, and that of obese and non-obese adolescents' mothers was 41.5 ±6.2 and 
41.5 7.6, respectively. There were no significant differences in the mean age of 
obese and non-obese adolescents' parents (P>0.05). Chi square statistics showed no 
significant association between father's age and mother's age (categonsed into two 
groups: less than 40 years and 40 years or more) and risk of obesity in children. 
5.4.1.2 Parents' o ccupa tion 
A significant association was found between father's occupation and obes1tv in the 
adolescents (P=0.007). Obese adolescents were more than t\\, Icc as likely to be the 
children of fathers with non-manual jobs (professionals, civil servants, in privLItc 
businesses) than controls. No significant odds ratio for mother's occupation was 
found, but the percentage of obese children whose mothers werc working was higiler 
(2 1 () o) than that among the non-obcse group (15%). 
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5.4.1.3 Parents' education 
Obese teenagers had significantly greater odds of being the children of hl-, -, hlN- 
educated mothers than the non-obese group (OR=2.15,95% Cl=l. ()() - 4.25). There 
was no significant difference between obese and non-obese children in relation to the 
level of education attained by the fathers. However, 470o of the obese adolescents' 
fathers had a high education level compared to 42% among the non-obese. 
5.4.1.4 Number of siblings 
There was no significant difference (P=0.121) in the number of siblings betxN, een 
obese and non obese adolescents, but 43% of the obese group had less than four 
siblings compared to 33% among the non-obese group. 
In summary, father's occupation and mother's education were the on]v socio- 
demographic variables that were significantly related to the risk of obesity in the 
adolescents. Obese adolescents were more likely to be the children of highly 
educated mothers and fathers who worked in non-manual jobs, than the non-obese. 
5.4.2 Perinatal factors 
An attempt was made to investigate the associations between peninatal factors, 
including body weight at birth and breastfeeding, and risk of development of obesitv 
during adolescence. To guard against inaccurate reporting of birthýý, eight, the 
mother's report was verified against the matemity hospital discharge card, which is 
usually kept with the birth certificate and given to the mother upon leaving the 
hospital. For those children with missing discharge cards, name of the materilltv I 
hospital, date of birth and mother's personal number of the Civil Population Registi-v 
(CPR) were used to obtain the child's birthweight from the hospital records. Ofthe 
total number (214), only 5 (29'0) had missing birth weight data (child was born 
abroad or in a privatc hospital). 
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Table 5.31. Crude association of socio-demographic factors and obesity in the 
adolescents 
Age & Weight status' 
Socio-demographic 
characteristics Obese Non-obese Total P-value Odds ratio (95%CI) 
nMnM 
Father's age (yr) 
<40 14 (13.7) 18 (17.5) 32 0.459 1.0* 
>40 88 (86.3) 85 (82.5) 173 1.33 (0.59-3.04) 
Mother's age (yr) 
<40 
>40 
Father's occupation 
Manual 
Non-manual 
Mother's occupation 
Not Working 
Working 
Father's education 
Low 
Middle 
High 
Mother's education 
Low 
Middle 
High 
Number of siblings 
0-3 
4+ 
55 (52.4) 51 (48.1) 106 0.535 1.0* 
50 (47.6) 55 (51.9) 105 0.84 (0.47-1.50) 
31 (30.4) 50 (48.5) 81 0.007 1.0* 
71 (69.6) 53 (51.5) 124 2.16 (1.17-3.99) 
83 (79.0) 90 (84.9) 173 0.268 1.0* 
22 (21.0) 16 (15.1) 38 1.49 (0.69-3.22) 
22 (21.6) 24 (23.3) 46 0.522" 1.0* 
32 (31.4) 36 (35.0) 68 0.97 (0.46,2.05) 
48 (47.1) 43 (41.7) 91 1.22 (0.60,2.48) 
22 (21.0) 35 (33.0) 57 0.027+ 1.0* 
33 (31.4) 34 (32.1) 67 1.54 (0.75,3.16) 
50 (47.6) 37 (34.9) 87 2.15 (1.09,4.25) 
46 (43.0) 35 (32.7) 81 0.121 1.0* 
61 (57.0) 72 (67.3) 133 0.64 (0.36,1.17) 
I Obese ý! 85th percentile of BM I for age and ýt%th percentile of TSKF and SSKF for age, non-obese <85th percentile of 
BMI for age and < 90th percentile of TSKF and SSKF for age (WHO, 1995) 
2. Father's occupation: manual= skilled and unskilled workers and unemployed, non manual= professional, civil servants 
and in private businesses 
I Level of education: low=- illiterate and read and write only, middle= primary and intermediate school, high= high school 
and college 
*Reference category 
+ Chi square for trend 
5.4.2.1 Birthweight 
The relationship between birthweight and subsequent obesity in children is not clear 
and contradictory results have been reported. Both low birthweight and high 
birthweight have been found to be associated with later obesity. 
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Mean body weight at birth (Kg) of obese and non-obese adolescents %vas, 3.18 ±0.55 
and 3.10 ± 0.49, respectively. Student's t-test showed no significant difference in 
mean birthweight between the obese and non-obese groups (P--0.271). HoNvever, 
there was a tendency for obese adolescents to have a higher body weight at birth than 
the non-obese. Sixty percent of the obese children had a birthweight above 3.0 kg 
compared to 51% in the non-obese group (Table 5.32), but the odds ratio showed no 
significant change in the likelihood for high birthweight among the obese group 
(OR=1.49,95%CI=0.83- 2.69). 
5.4.2.2 Breastfeeding 
Information on breastfeeding was obtained with the question, "What was the type of 
milk given to the child during the first six months of life: breast milk, formula, both 
breast milk and formula". Exclusive breastfeeding was defined in two categories: 
"yes" if breast milk was the only type of liquid feeding given to the infant during the 
first six months of life and "no" if the infant was given fon-nula only or was partially 
breastfed (i. e. breast milk supplemented with formula). Materrial reports of 
breastfeeding and breastfeeding duration are frequently used in epidemiological 
studies. Mother's recall of their children's infant feeding habits have been shown to 
have an acceptable level of validity and reliability (Tomeo et al., 1999). 
Fifty seven percent of the adolescent participants were exclusively breastfed, 33% 
were partially breastfed (breast milk and formula) and 10% were fed formula during 
the first six months of life. Of the obese children, 51% were exclusively breastfed 
compared to 63% in the non-obese group (P=0.083) (Table 5.32). The odds ratio, 
however, did not show a significant decrease in the likelihood of being breastfed 
among obese children compared to the non-obese group (OR=0.62,95% CI=0.34 - 
1.11). 
In summary, neither birthweight nor breastfeeding appears to be a significant factor 
associated with risk of obesity among Bahraini teenagers. 
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Table 5.32. Crude association of perinatal factors and obesity in the adolescents 
Variable Weight status' Total P- Odds ratio 
value (95%CI) 
Obese Non-obese 
nn 
Birthweight (g) 
: 53000 42 (39.6) 51 (49.5) 93 0.150 1.0* 
>3000 64 (60.4) 52 (50.5) 116 1.49 (0.83,2.69) 
Exclusive breastfeeding 
N02 51 (48.6) 39 (36.8) 90 0.083 1.0* 
Yes 54 (51.4) 67 (63.2) 121 0.62 (0.34 
I. Obese 2! 85th percentile of BMI for age and 2! 90th percentile of TSKF and SSKF for age, non-obese <85th percentile of 13\11 
for age and < 90th percentile of TSKF and SSKF for age (WHO, 1995) 
2. Formula only + partial breastfeeding (i. e. breast milk supplemented with formula) 
*Reference category 
5.4.3 Obesity in parents and other relatives 
5.4.3.1 Parental obesity 
Obesity in parents, defined as BMI value equal to, or greater, than 30 kg/m 2 (WHO, 
2000), was examined to assess its relationship with obesity in the children. Since 
many parents did not know their height and weight, these measurements were 
perfon-ned on all mothers and fathers during the home interview or at a later home 
visit. The only exception was 8 fathers who were unavailable (busy or out of the 
country) at the time of data collection. This group of fathers was asked to have their 
weight and height taken in their local health center or pharmacy and the information 
was then collected by phone. From weight and height measurements BMI was 
calculated and used to determine mothers' and fathers' obesity status. Because 3 of 
the mothers and 9 of the fathers were dead, the number of mothers and fathers with 
complete weight and height data was 211 and 205, respectively. 
Forty three percent of the mothers and 25% of the fathers were obese (Table 5.33). 
There was a strong and direct relationship between adolescents' obesity and parental 
obesity. Compared to the non-obese, obese children were 3 and 2.4 times more likely 
to have obese mothers and obese fathers, respectively. When the analysis Nvas 
repeated with obesity in mothers and fathers combined, the estimated odds ratio 
for 
parental obesity showed a significant increasing trend (P<0.001). Obese adolescents 
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were 3.8 times (95%CI=2.03-7.04) more likely to have one obese parent and 6.5 
times (95%CI=2.31- 8.3 1) more likely to have both parents obese than controls. 
5.4.3.2 Obesity among other relatives (siblings, grandparents, auntsluncles) 
The presence of obesity among other relatives was ascertained by asking mothers 
whether the child had an obese sibling, grandparent, aunt or uncle. Significant 
associations were observed between obesity in adolescents and mother's reported 
(perceived) occurrence of obesity among the adolescent's relatives (Table 5.34). 
Eighty one percent of the obese teenagers had an obese relative compared to only 
52% among the non-obese group (P<0.001). Obese adolescents had a significantly 
greater odds ratio for having one or more obese relative than the controls (OR=3.96, 
CI= 2.05 to 7.71). The highest likelihood of obesity in relatives was observed among 
siblings, followed by grandparents and then uncles/aunts. Compared to the non- 
obese, obese teenagers were 3.7,2.2 and 2 times as likely to have an obese sibling, 
grandparent and uncle/aunt, respectively. When the analysis was repeated using the 
total number of different types of obese relatives as the independent variable, a 
significant dose response relationship emerged, indicating that familial factors are 
important determinants of obesity among adolescents in Bahrain. However, since in 
many Bahraini families, grandparents, uncles and aunts live together in the same 
house with the child's parents and siblings, it is possible that environmental factors 
are also responsible for the observed aggregation of obesity among these families. 
In summary, obesity in children is strongly and positively associated with the 
presence of obesity among parents and other relatives. 
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Table 5.33. Crude association of parental obesity and obesity in adolescents 
Variable Weight status Total P-value Odds ratio 
(95%CI) 
Obese Non-obese 
nn 
Mother obese' 
No 46 (38.0) 75 (62.0) 121 0.000 1.0* 
Yes 59 (65.6) 31 (34.4) 90 3.10 (1.69-5.72) 
Father obese 
2 
No 68 (44.4) 85 (55.6) 153 0.009 1.0* 
Yes 34 (65.4) 18 (34.6) 52 2.36 (1.17-4.79) 
Parents obese 2 
Neither parent obese 27 (27-0) 62 (60.8) 89 0.000+ 1.0* 
One parent obese 56 (56.0) 34 (33.3) 90 3.78 (2.03,7.04) 
Both parents obese 17 (17.0) 6 (5.9) 23 6.51 (2.31,8.31) 
1. Obese ý! 85th percentile of BMI for age and ý! 90th percentile of TSKF and SSKF for age, non-obese <85th percentile of BMI 
for age and < 90th percentile of TSKF and SSKF for age (WHO, 1995) 
2. Obese= BMI ý30, non-obese =BMI <30 (WHO, 2000) 
*Reference category 
+ Chi square for trend 
Table 5.34. Crude association of obesity in relatives and obesity in adolescents 
Variable Weight status' Total p-value Odds ratio 
(95%CI) 
Obese Non-obese 
nMnM 
Child has an obese relative 
No 20 (18.7) 51 (47.7) 71 0.000 1.0* 
Yes 87 (81.3) 56 (52.3) 143 3.96 (2.05-7.71) 
Obese sibling 
No 65 (60.7) 91 (85.0) 156 0.000 1.0* 
Yes 42 (39.3) 16 (15.0) 58 3.67 (1.82-7.50) 
Obese grandparent 
No 74 (69.2) 89 (83.2) 163 0.016 1.0* 
Yes 33 (30.8) 18 (16.8) 51 2.20 (1.10-4.46) 
Obese aunt/uncle 
No 45 (42.1) 63 (58.9) 108 0.013 1.0* 
Yes 62 (57.9) 44 (41.1) 106 1.97 (1.11-3.53) 
Number of obese relatives 
0 28 (26.2) 53 (49.5) 81 0.000+ 1.0* 
1 33 (30.8) 33 (30.8) 66 1.89 (0.97,3.68) 
2 34 (31.8) 18 (16.8) 52 3.58 (1.72,7.44) 
3 12 (11.2) 3(2.8) 15 7.57 (1.97,29.07) 
1. Obese ; ->85th percentile of 
BMI for age and 2: 90th percentile of TSKF and SSKF for age, non-obesc <85th percentile of 
w%I I 
for age and < 90th percentile of TSKF and SSKF for age (WHO, 1995) 
*Reference category 
+ Chi square for trend 
155 
Chapter V. - Results 
5.4.3.3 BMI heritability among Bahraini adolescents 
Genetic factors play an important role in the aetiology of obesity. One of the 
statistical methods developed to determine the heritability level of traits is the 
Risch's lambda coefficient (Risch, 1990). ý, -R can be defined as [P (A' R)j / [P 
(A)], where P (A) is the probability of being affected with the trait (i. e. the 
population prevalence of obesity) and P (A\R) is the probability of being at-f-Ccted 
given that one's relative of the degree R is affected. In this study an attempt \\ as 
made to estimate the Risch's lambda coefficient (4) for the heritability of obesitv 
among Bahraini adolescents. 4was calculated for the mother and child pairs and for 
the father and child pairs using the tables of Allison et al. (1996) which provide 
estimates Of 4as a function of the Pearson correlation coefficient of BMI betwccii 
relatives of degree R and the population prevalence of obesity. The overall 
prevalence of obesity (>95th percentile) in the male and female adolescent 
participants was 18.4%. The Pearson correlation coefficient calculated for the child- 
mother pairs (n=211) and the child-father pairs (n=205) were 0.38 (P<0.01) and 
0.205 (P<0.01), respectively. The BMI hentability index (4) denvcd from the tables 
of Allison et al. (1996) for Bahraini adolescents was found to be 1.88 for the mother- 
offspring pairs and 1.42 for the father-offspring pairs. 
5.4.4 Parents' history of chronic diseases 
Table 5.35 shows the crude association between the reported presence of diabetes, 
heart disease and hypertension among the mothers and fathers, and obesity in their 
children. Obesity in adolescents was significantly related to diabetes in parents. Of 
the obese adolescents, 21% had a diabetic mother and 25.5% had a diabetic father as 
compared to 5% and 11% among the non-obese group, respecti%cly. Obese 
adolescents were 5.4 (95%CI=1.86- 18.76) and 2.9 (95"OCI=1.25- 6.63) times more 
likely than controls to have diabetic mothers and diabetic fathers, respectively. hi 
contrast, no significant differences in the prevalence of parental heart disease or 
hypertension were observed bctween the obese and non-obese childrell and odds 
ratios for adolescent obesity d1d not show any sgnjficant increase n the 
l1kellhood of 
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having parents with a history of heart disease or hypertension. These results Nvere 
consistent with the findings of the cross sectional study. 
In summary, diabetes in parents was the only variable among parental chronic 
diseases that showed a significant association with obesity in Bahraini teenagers. 
Table 5.35. Crude association of parents' history of chronic diseases and obesity in adolescents 
Parent's history of chronic Weight status' Total p- Odds ratio diseases (reported) value (95%CI) 
Obese Non-obese 
nMnM 
Diabetes in mother 
No 83 (79.0) 101 (95.3) 184 0.000 1.0* 
Yes 22 (21.0) 5 (4.7) 27 5.35 (1.86,18.76) 
Diabetes in Father 
No 76 (74.5) 92 (89.3) 168 0.006 1.0* 
Yes 26 (25.5) 11 (10.7) 37 2.86 (1.25,6.63) 
Heart disease in mother 
No 97 (92.4) 103 (97.2) 200 0.118 1.0* 
Yes 8(7.6) 3 (2.8) 11 2.83 (0.65-16.97) 
Heart disease in father 
No 98 (96.1) 98 (95.1) 196 0.744 1.0* 
Yes 4(3.9) 5 (4.9) 9 0.80 (0.15,3.84) 
Hypertension in mother 
No 88 (83.8) 95 (89.6) 183 0.213 1.0* 
Yes 17 (16.2) 11 (10.4) 28 1.67 (0.69,4.06) 
Hypertension in father 
No 88 (86.3) 89 (86.4) 177 0.978 1.0* 
Yes 14 (13.7) 14 (13.6) 28 1.01 (0.43,2.41) 
1. Obese ý! 85th percentile of BM I for age and ý! 90th percentile of TSKF and SSKF for age, non-obese <85th percentile of BM I 
for age and < 90th percentile of TSKF and SSKF for age (WHO, 1995) 
*Reference category 
5.4.5 Mother's dietary habits and behavioural factors 
Mother's dietary habits and behavioural factors were explored along the same lines 
used in the cross sectional study, but no significant associations with the Occurrence 
of obesity status among adolescent children were found except for eating breakfast 
daily andfrequency eating of take-au, ay foods. Table 5.36 surnmarises the results of 
the bivariate analysis. 
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5.4.5.1 Eating breakfast daily 
A significant association between eating breakfast by mothers and nsk of 
adolescent's obesity was observed. Obese adolescents were 2.6 times more likely to 
be the children of mothers who skipped breakfast than controls (OR=: 2.61, 
95%CI=1.38- 4.94). 
5.4.5.2 Intake of take-away foods 
Sixty percent of mothers reported consuming take-away foods oxice a week or niore. 
Compared to controls, obese adolescents were nearly twice as likely to be the 
children of mothers who ate take-away foods two times or more per week (OR=1.8-/, 
95% CI=1.04 - 3.39). 
In summary, eating breakfast daily and intake of take-aii, ay foods wcrc the only 
variables among mother's dietary habits and behavioural factors that appeared to be 
associated with obesity in children. Obese adolescents were more likely to be the 
children of mothers who skipped breakfast and consumed take-away foods tNvice or 
more per week than the non-obese. 
5.4.6 Mother's lifestyle characteristics 
I Afestyle characteristics of mothers, namely physical exercise, hours of TV watching 
and presence of domestic helper were examined to assess the relationship betwcen 
these factors and risk of obesity in the adolescent children (Table 5.37). 
5.4.6.1 Physical exercise 
A significant association was observed between mother's physical activity bellaN lour 
and obesity status of the children. Sixty six percent of the obese teenagers' mothers 
did not do regular exercise, versus 51% among the non-obese group (P=(). ()-'6). 
Compared to controls, obese boys and girls were nearly two times more likely to be 
the children of mothers who did not indulge in rcgular exercise (OR=LSO, 
95()oCI=1.04- 3.37). 
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Table 5.36. Crude association of mother's dietary and behavioural factors and 
obesity in adolescents 
Variable Weight status' Total p- Odds ratio 
value (95%CI) 
Obese Non-obese 
nMnM 
Eating breakfast daily 
Yes 61 (57.0) 83 (77.6) 144 0.001 1.0* 
N02 46 (43.0) 24 (22.4) 70 2.61 (1.384.94) 
Distress eating3 
Rarely 78 (72.9) 75 (70.1) 153 0.649 1.0* 
Frequently 29 (27.1) 32 (29.9) 61 0.87 (0.46-1.65) 
Late night snacking 
Rarely 73 (68.2) 78 (72.9) 151 0.453 1.0* 
Frequently 34 (31.8) 29 (27.1) 63 1.25 (0.67-2.36) 
Eating meals with the child 
Frequently 95 (88.8) 99 (92.5) 194 0.347 1.0* 
Rarely 12 (11.2) 8 7.5) 20 1.56 (0.56-4.41) 
Eating meals while watching TV 
No 40 (37.4) 48 (44.9) 88 0.266 1.0* 
Yes 67 (62.6) 59 (55.1) 126 1.36 (0.76-2.44) 
Intake of take-away foods (times 
per week) 
<2 35 (32.7) 51 (47.7) 86 0.025 1.0* 
>2 72 (67.3) 56 (52.3) 128 1.87 (1.04-3.39) 
1. Obese ýý85th percentile of BMI for age and ý! 90th percentile of TSKF and SSKF for age, non-obese <85th percentile of BM I 
for age and < 90th percentile of TSKF and SSKF for age (WHO, 1995) 
2. Sometimes or rarely 
3. Eating when upset, angry or in negative mood 
*Reference category 
5.4.6.2 Hours of TV viewing 
When obese and non-obese children were compared in relation to mother's hours of 
TV viewing (categorised in tertiles) a significant increasing trend of odds ratios was 
observed (P--0.002). Compared to the non-obese, obese adolescents were about three 
times more likely to be the sons and daughters of mothers who watched TV for more 
than 16 hours per week. 
5.4.6.3 Domestic help 
Forty one percent of the obese children's mothers reported having at least one 
domestic helper compared to 21% in the non-obese group (P--0.001). Obese 
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adolescents had significantly higher odds of having domestic help at home than the 
non-obese (OR=2.70,95% CI=1.41 to 5.19). 
In summary, mothers' lifestyle is strongly associated with the occurrence of obesity 
among children. Obese teenagers are more likely to be the sons and daughters of 
mothers who did not engage in physical exercise, spent more than 16 hours per week 
watching TV and had a domestic helper than the non-obese. 
Table 5.37. Crude association of mother's lifestyle characteristics and obesity in 
adolescents 
Variable Weight statUS' Total p-value Odds ratio 
(95%CI) 
Obese Non-obese 
nMn 
Exercise 
Yes 36 (33.6) 52 (48.6) 88 0.026 1.0* 
No 71 (66.4) 55 (51.4) 126 1.86 (1.04-3.37) 
TV viewing tertiles (hr/week) 
1(0-7) 23 (21.5) 41 (38.3) 64 0.002+ 1.0* 
2(9-16) 40 (37.4) 39 (36.4) 79 1.83 (0.93,3.59) 
3 (>16) 44 (41.1) 27 (25.2) 71 2.90 (1.44,5.85) 
Domestic helper 
No 63 (58.9) 85 (79.4) 148 0.001 1.0* 
Yes 44 (41.1) 22 (20.6) 66 2.70 (1.41-5.19) 
1. Obese 2! 85th percentile of BMI for age and 2! 90th percentile of TSKF and SSKF for age, non-obese <85th percentile of BM I 
for age and < 90th percentile of TSKF and SSKF for age (WHO, 1995) 
*Reference category 
+ Chi square for trend 
5.4.7 Parental influence over child's eating and physical activity behaviour 
In order to investigate whether differences in parenting style are associated with the 
occurrence of obesity in the children, questions designed to elicit information about 
parenting style in relation to child's eating habits and physical activity were included 
in the interviewer-administered questionnaire (see Appendix 413). Factors studied 
included mother's degree of control over child's eating, maternal influence over 
child's consumption of particular foods (by encouraging/discouraging), mother's use 
of food as reward and her use of verbal prompts to increase child's eating and 
physical activity. Results of the bivariate analysis and crude odds ratio are presented 
in Table 5.38. 
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5.4.7.1 Mother's degree of control over child's eating 
Parental degree of control over child's eating at meal-times was assessed b% asking 
the mother about how she would react if the child were not hungry at rnealtirne. A 
s gnifi I I icant difference was observed between obese and non-obese children in relation 
to the mother's response to such an event. Compared to the non-obese. obese boys 
and girls were less likely to be the children of mothers who would convince them to 
sit at the table and eat when they expressed no hunger at meal-times (OR=0.52. 
95%CI=0.27 - 0.97). Mother's degree of control over the child's intake of sweets 
and high calorie snacks was assessed with the following two questions: " To %\ hat 
degree can your child eat sweets without your know ledge/perrn 1 ss Ion: frequently, 
rarely" and "Usually when the child cats sweets and snacks: he buys or helps himself 
to them, he asks for them or they are offered by parents". 
Forty three percent of the obese children's mothers reported that their children rarely 
consumed snacks and sweets without their know I edge/perrn i ssi on compared to 5T. 'O 
of the controls. However, the difference between the two groups was only marginally 
significant (P=0.055). In relation to the method of obtaining (accessing) sweets and 
snacks, a significant difference was observed between the two groups. Compared to 
the non-obese, obese children had significantly lower odds for being the children of 
mothers who demonstrated controlling behaviour (i. e. less likely to get swccts and 
snacks by asking mother for them or when they were being offered by her) 
(OR=0.30, CI=0.16 to 0.55). 
5.4.7.2 Mother's influence over child's consumption of food 
More than 70% of mothers reported having encouraged or discouraged their children 
from eating certain foods. Foods encouraged included fruits and vegetables (53%), 
milk (19%) and fish (15%). Foods discouraged included sweets (34%), Pepsi (20, 
and crisps and puffed corn (18%). A significant association was observed betwccil 
obesity in children and the mother's behaviour. Obese children Nvere more likely to 
havc iiiothers who NVOLIld discourage (OR=2.45.95(`-0CI=1.24 - 4.86) 
but less llkelý- 
to have mothers who would encourage (OR=0.51,95()/()Cl=-0.26 - 0.99) theni to eat 
certain foods than non-obese children. 
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5.4.7.3 Use of food as means of reward 
Of the total number of adolescents' mothers, 31% admitted having givell their 
children food as a means of reward. Adolescents categonsed as obese had 
significantly lower odds for being the children of mothers who used food as a reNvard 
than controls (OR= 0.49,95%CI=0.26 - 0.93). 
5.4.7.4 Use of prompts to increase child's eating or physical activity 
Seventy seven percent of mothers reported having used verbal prompts to increase 
their sons and daughters' eating. However, use of prompts to influence the child's 
food intake showed no significant relation to the occurrence of obesity among the 
adolescents (P=0.332). In contrast, mothers' prompting of their children to exercise 
was strongly associated with obesity in the teenagers. Relative to the non-obese, 
obese children were more than four times as likely to have mothers who frequently 
encouraged them to exercise than the non-obese group (OR=4.13,95%CI=2.24- 
7.66). 
In conclusion, compared to the non-obese, obese Bahraini teenagers Nvcrc less likelv 
to be the children of mothers who practiced a high degree of control over the child's 
eating behaviour, encouraged eating of certain foods or used food as reward, and 
more likely to be the sons and daughters of mothers who discouraged the child from 
eating particular foods or used verbal prompts to increase the child's physical 
activity. 
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Table 5.38. Crude association of parental influence over child's eating and 
physical activity behaviours and obesity in adolescents 
Weight status 
Parenting style variables Obese Non-obese Total P- Odds ratio 
value (95%CI) 
nn 
Control of eating 
How would you respond if it's a mealtime 
and your child is not hungry? 
Leave child alone 81 (75.7) 66 (61.7) 147 0.027 1.0* 
Convince child to eat less or same 26 (24.3) 41 (38.3) 67 0.52 (0.27-0.97) 
To what degree can your child eat sweets 
& snacks without your permission? 
Frequently 63 (56.3) 49 (43.8) 112 0.055 1.0* 
Rarely 44 (43.1) 58 (56.9) 102 0.59 (0.33,1.05) 
Usually when child eats sweets & snacks: 
He buys it or helps himself to it 73 (68.2) 42 (39.3) 115 0.000 1.0* 
He asks for it /offered by parents 34 (31.8) 65 (60.7) 99 0.30 (0.16,0.55) 
Influence over consumption of 
particular types of foods 
Have you ever encouraged your child to 
eat a particular type offood? 
No 36 (33.6) 22 (20.6) 58 0.031 1.0* 
Yes 71 (66.4) 85 (79.4) 156 0.51 (0.26-0.99) 
Have you ever discouraged your child 
from eating a particular type offood? 
No 19 (17.8) 37 (34.6) 56 0.005 1.0* 
Yes 88 (82.2) 70 (65.4) 158 2.45 (1.24-4.86) 
Use of food as means of reward 
Have you ever given your childfood as a 
kind of reward? 
Rarely 82 (76.6) 66 (61.7) 148 0.017 1.0* 
Frequently 25 (23.4) 41 (38.3) 66 0.49 (0.26-0.93) 
Use of prompts to increase child's 
eating/physical activit 
Have you ever used verbal prompts to 
increase child's eating? 
Rarely 28 (26.2) 22 (20.6) 50 0.332 1.0* 
Frequently 79 (73.8) 85 (79.4) 164 0.73 (0.37-1.45) 
Have you ever used verbal prompts to 
increase child's physical activity? 
Rarely 30 (28.0) 66 (61.7) 96 0.000 1.0* 
Frequently 77 (72.0) 41 (38.3) 118 4.13 (2.24,7.66) 
1. Obese 2! 85th percentile of BMI for age and ý-90th percentile of TSKF and SSKF for age, non-obese <85th percentile of 
BMI 
for age and < 90th percentile of TSKF and SSKF for age (WHO, 1995) 
*Reference category 
163 
Chapter I. - Results 
5.4.8 Availability and accessibility of food in the home 
Home environment in relation to availability and accessibility of sweets and snacks 
was investigated by using a 12-item list of common types of sweets and high calorie 
snacks (see questionnaire in Appendix 4B). Mothers were asked to chose those items 
that were usually available in the house and to say whether they were kept in a 
reachable place or unseen place. There was no significant difference in the mean 
number of sweets and snacks found in the homes of obese (5.75 ±2.7) and non-obese 
(5.78 ±2.5) (P=0.937). When chi square statistics were used to compare obese and 
non-obese children in terms of the number of sweets and snacks usually available in 
their homes (categorized into two categories: 0 to 5 items and 6 items or more), 52% 
of the obese children's mothers reported the availability of more than 6 items of 
these foods compared to 56% among the non-obese group (Table5.39). However, the 
difference was not statistically significant (P---0.583). Similarly, there was no 
significant association between obesity in the adolescents and the ease of access of 
sweets and snacks in the homes of these children. In about 39% of the obese 
adolescents' homes these items were kept in a reachable place, compared to 36% in 
the controls group (P=0.672). 
The relationship between obesity in the adolescents and the frequency of availability 
of fresh fruits in the household was explored with the question " In your house how 
often are fresh fruits available: always, most of the time, sometimes, rarely". The 
majority of mothers (86%) reported that fresh fruits were always/most of the time 
available in the house. Nine percent of the obese children's mothers reported having 
fresh fruits sometimes/rarely as compared to 18% of the non-obese group. However, 
the odds ratio for the availability of fruits within the household did not show any 
significant association with the occurrence of obesity among the adolescents (OR= 
0.48,95%CI=0.19-1.15). 
In summary, no significant difference was observed between the obese and non- 
obese children in terms of the availability and accessibility of sweets, high calorie 
snacks or fruits. 
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Table 5.39. Crude association of home environment in relation to the 
availability and accessibility of food and obesity in adolescents 
Variable Weight status' Total P_ Odds ratio 
value (95%CI) 
Obese Non-obese 
n (%) n (%) 
Number of types of sweets/snacks 
usually found in the house 
<6 
>6 
Snacks/sweets kept in a reachable 
place 
No 
Yes 
Fruits are available 
51 (47.7) 47 (43.9) 98 0.583 1.0* 
56 (52.3) 60 (56.1) 116 0.86 (0.48,1.5 
65 (60.7) 68 (63.6) 133 0.672 1.0* 
42 (39.2) 39 (36.4) 81 1.13 (0.62-2.03) 
Always/most of the time 97 (90.7) 88 (82.2) 185 0.072 1.0* 
Sometimes/rarely 10 (9.3) 19 (17.8) 29 0.48 (0.19- 1.15) 
1. Obese ý! 85th percentile of BMI for age and ý! 90th percentile of TSKF and SSKF for age, non-obese <85th percentile of BM I for age and < 90th percentile of TSKF and SSKF for age (WHO, 1995) 
*Reference category 
5.4.9 Multivariate analysis 
Multivariate models were estimated with obesity in adolescents as the dependent 
variable; independent variables included all the family environment variables that 
showed a statistical significance below the 0.2 level in the crude analysis. The 
adjusted odds ratios and their corresponding 95% confidence intervals are presented 
in Tables 5.40 to 5.43. 
5.4.9.1 Multivariate analysis conducted on selected factors 
Adjusting for mother's education and father's occupation, mother's dietary 
behaviours and lifestyle variables namely, eating breakfast and physical exercise, and 
parent's BMI and history of diabetes were all found to be independently related to 
obesity in the Bahraini teenagers (Table 5.40). Obese adolescents '. N'ere 2.4 times 
more likely to be the children of mothers who skipped breakfast and 3.4 times more 
likely to have mothers who did not indulge in exercise, than controls. Adjusted odds 
ratios showed that obese adolescents had a3 and 5 times greater likelihood of having 
one obese parent and both parents obese, respectively. Odds for haNring obese 
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relatives (other than parents) were also significantly higher for the obese group. 
Compared to the non-obese, children classified as obese were nearly 5 times more 
likely to have a diabetic mother and 4 times more likely to have a diabetic father. 
Table 5.40. Multivariate analysis of selected factors related to the familN, 
environment 
Factor Odds ratio (95%Cl)$ P -value+ 
Eating breakfast 
Yes 1.0* 0.023 
No 2.39 (1.13-5.10) 
Exercise 
Yes 1.0* 0.001 
No 3.42 (1.64- 7.12) 
Parents obesity status' 
Neither parents obese 1.0* 0.005 
One parent obese 2.60 (1.26-5.34) 0.010 
Both parents obese 5.17 (1.58- 16.94) 0.007 
Child have an obese relative(s) 
No 1.0* 0.002 
Yes 3.32 (1.54-7.14) 
Diabetes in mother 
No 1.0* 0.008 
Yes 4.79 (1.51-15.16) 
Diabetes in father 
No 1.0* 0.007 
Yes 3.64 (1.41-9.39) 
1. Obese parent =BMI ý_>30, non-obese parent-- BMI <30 (WHO, 2000) 
$ Odds ratio and 95% confidence interval calculated using logistic regression, adjusted for father's occupation, mother's 
education as well as other variables in the table. 
+ Wald's test 
*Reference category 
5.4.9.2 Multivariate analysis conducted on obesity among parents and other 
relatives 
The odds ratios for obesity in parents and other relatives, adjusted for mother's 
education and father's occupation, showed strong and independent assoclations Nvith 
obesity in the teenager (Table 5.41). Compared to the non-obese, obese children had 
a 3-fold greater likelihood of having one obese parent and an over 5-fold higher 
likelihood of having both parents who were obese. Similarly, the number of different 
types of obese relatives (other than parents) remained highly associated with obesity 
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in the adolescents. Compared to the non-obese, obese boys and girls had 2,3 and 5 
times greater odds to have one, two and three different types of obese relations, 
respectively. 
Table 5.41. Multivariate analysis of obesity among parents and other relatives 
Factor Odds ratio (95%Cl)$ P -,., alue+ 
Parents obesity status' 
Neither parents obese 1.0* 0.001 
One parent obese 3.01 (1.55,5.82) 0.001 
Both parents obese 5.46 (1.82,16.41) 0.002 
Number of obese relativeS2 
0 1.0* 0.020 
1 1.75 (0.84,3.62) 0.134 
2 3.18 (1.38,7.33) 0.006 
3 4.64 (1.13,19.12) 0.034 
1. Parent obese = BMI ý30, non-obese =BMI <30 
2. Obesity (reported) among siblings, grandparents, aunts and uncles 
$ Odds ratio and 95% confidence interval calculated using logistic regression, adjusted for father's occupation, mothcr's 
education and other variables in the table. 
+ Wald's test 
*Reference category 
5.4.9.3 Multivariate analysis conducted on mother's lifestyle vafiables 
Table 5.42 shows the odds ratios (adjusted for mother's education and obesity status) 
for lifestyle characteristics of adolescents' mothers. Lack of exercise, having a 
domestic helper and increased hours of TV viewing were all significantly and 
independently associated with increased risk of obesity in children. Obese teenagers 
were more than two times as likely as the non-obese to be the children of mothers 
who did not engage in regular exercise (OR=2.07,95%CI=1.12-3.83), had a 
domestic helper (OR=2.25,95%CI=1.10-4.61) and watched TV for more than 16 
hours per week (OR=2.74,95%CI=1.27- 5.91). 
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Table 5.42. Multivariate analysis of mother's lifestyle variables 
Factor Odds ratio (95%CI)S P -value+ 
Exercise 
Yes 
No 
Domestic helper 
No 
Yes 
TV viewing tertiles (hr/week) 
1 (0-7) 
2(9-16) 
3 (>16) 
1.0* 
2.07 (1.12,3.83) 
1.0* 
2.25 (1.10,4.61) 
1.0* 
1.46 (0.71,3.05) 
2.74 (1.27,5.91) 
0.020 
0.026 
0.033 
0.3 15 
0.010 
S Odds ratio and 95% confidence interval calculated using logistic regression, adjusted for mother's education and obesitN 
status as well as other variables in the table. 
+ Wald's test 
*Reference category 
5.4.9.4 Multivariate analysis conducted on factors related to parental 
influence over child's eating and physical activity behaviours 
When multivariate analysis was conducted and after controlling for mother's 
education and mother's obesity status and other confounding variables, factors 
related to parenting style remained strongly and independently associated with 
obesity in the adolescents, except for encourage child to eat parti . culat- t. ipcs of. 10od 
which was weakly associated with obesity (P=0.069) (Table 5.43). Obese children 
were less likely than controls to be the children of mothers who derrionstrated 
controlling behaviour over the child's access to sweets and snacks (OR= 0.32ý 
95%CI=0.17- 0.62) or mothers Nvho used food as a means of reward (ORA. 45. 
95%CI=0.22 -0.93). Compared to controls, obese adolescents were more 
thall twice 
as likely to be the sons and daughters of mothers who discouraged consuniption ot- 
certain foods and about 4 times as likely to be the offspring of mothers who 
encouraged physical activity. 
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Table 5.43. Multivariate analysis of factors related to parental influence o, *, er child's eating and physical activity behaviours 
Factors Odds ratio (95%Cl)$ P -, *, alue+ 
Factors associated with reduced risk: 
Usuall when child eats sweets & snacks. - Y 
He buys it or helps himself to it 1.0* 0.001 
He asks for it /offered by parents 0.32 (0.17,0.62) 
Have you ever given your childfood as a kind 
ofreward? 
Rarely 1.0* 0.030 
Frequently 0.45 (0.22,0.93) 
Have you ever encouraged your child to eat a 
particular type offood? 
No 1.0* 0.069 
Yes 0.50 (0.24,1.06) 
Factors associated with increased risk: 
Have you ever discouraged your childfrom 
eating a particular type offood? 
No 1.0* 0.025 
Yes 2.39 (1.12,5.13) 
Have you ever used verbal prompts to 
increase child's physical activity? 
Rarely 1.0* 0.000 
Frequently 3.94 (2.02,7.71) 
$ Odds ratio and 95% confidence interval calculated using logistic regression, adjusted for mother's education and obesity 
status as well as other variables in the table. 
+ Wald's test 
*Reference category 
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5.5 BLOOD PRESSURE AND OBESITY AMONG ADOLESCENTS 
Obesity is an established risk factor for high blood pressure in childrell and 
adolescents (Freedman et al., 1999a; Williams et al., 1992). The relationship 
between blood pressure and obesity was investigated in the adolescent participants of 
this study. Only two girls (<I %) refused BP measurement. As a result, tile nuniber of 
subjects included in the analysis was 504. The means and standard deýiations or SBP 
in the male and female participants were 122.9-. -ý16.5 mmHg and 118.6=14.1 ninif-11, 
and those of DBP were 72.1±12.1 mmHg and 70.1±11.7 mmHg. respectively. Mean 
SBP was significantly higher in boys than in girls (P=0.002), but 11o statistically 
significant difference in mean DBP between the two sexes Nvas observed (P--O. O5-). 
The correlation between blood pressure and age in the adolescents, Hwestigated by 
the Spean-nan rank correlation, was found to be significant for SBP and Nvas stronger 
in males (r =0.44, P<0.00 1) than in females (r =0.2 1, P=0.00 1), but not for DBP (r 
-0.02, P=0.818 in boys and r =0.07, P=0.295 in girls). 
5.5.1 Relationship between blood pressure and anthropometric indicators 
The age-adjusted correlation coefficients between blood pressure and the 
anthropometric indicators are presented in Table 5.44. Height, v"cight, BMI, triceps 
and subscapular skinfolds, percent body fat and fat mass were all significantly related 
to SBP and to DBP in both sexes. In girls the correlation betwcen SBP and fat 
indices (percent body fat and fat mass) was stronger than in boys. Fat free mass was 
significantly correlated with SBP and DBP in boys but not in girls. The strongest 
correlation observed for SBP was with weight. Of the fat patterning indices, waist 
circumference showed the strongest correlation with SBP and DBP. 
An attempt was made to assess the independent influence of these varlables on SBP 
by multiple regression analysis. Since DBP was highly correlated with SBP (r =0.59, 
P-0.001), multivariate analysis was carried out on SBP only. 
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Table 5.44. Age-adjusted correlation coefficient (r) of SBP and DBP and 
selected anthropometric indicators in the adolescents, n =249 males, n= 255 
females 
Anthropometric indicator 
Height 
Weight 
BMI 
Triceps skinfold 
Subscapular skinfold 
Sex 
Males 
SBP DBP 
0.399*** 0.413*** 
0.434*** 0.303*** 
0.358*** 0.210** 
0.285*** 0.184** 
0.302*** 0.188** 
Females 
SBP DBP 
0.286*** 0.302*** 
0.519*** 0.411*** 
0.504*** 0.376*** 
0.433*** 0.370*** 
0.483*** 0.373*** 
Body fat 0.279*** 
Fat mass 0.304*** 
Fat free mass 0.422*** 
0.176**. 0.468*** 0.381*** 
0.196** 0.490* ** 0.392*** 
0.332*** 0.093 N. S. 0.061 N. S. 
Waist hip ratio 
Subscapular triceps ratio 
Waist circumference 
0.210** 0.144* 
0.081 N. S. 0.029 N. S. 
0.379*** 0.266*** 
0.305*** 0.142* 
0.201** 0.105 N. S. 
0.513*** 0.374*** 
***P<0.001 
**P<0.01 
*P<0.05 
N. S. Non-significant 
Linear regression of systolic blood pressure was conducted on the following 
independent variables: age, percent fat, STR and weight and height. Because of the 
difficulty in separating the effects of these variables, as they were highly correlated 
with each other, the selected independent variables were entered in three steps. 
Age 
was entered into the first step, followed by percent body fat and 
STR and both height 
and weight were entered in the last step. The regression models 
for both sexes are 
presented in Table 5.45. Age was significantly associated with 
SBP, especially in 
boys, accounting for 18 % of the SBP variations. Percent 
fat but not STR %vas 
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significantly associated with SBP in both boys and girls (P<0.001). The increment in 
R2 value, when these two variables were entered, ranged from 7% in boys to 25. -Slo 
in girls. Weight and height in boys and weight only in girls were significantly 
associated with SBP, independent of age, percent fat or STR. The value of R2 in the 
final model was 0.37 and 0.29 in boys and girls, respectively. When weight and 
height were tested along with percent fat and STR, by entering them together in step 
2, and after adjusting for age, only weight in females and weight and height in males 
remained in the final model. These findings indicate that body size is more important 
than either body fat or fat patterning in explaining differences in systolic blood 
pressure among the adolescents. 
Table 5.45. Multivariate analysis of SBP on age and selected anthropometric 
variables in adolescents. 
Standardized coefficient of anthropometric variables 
Age Percent fat STR Weight Height Adjusted R 
Males 
Step: 1 0.43*** 0.18 
2 0.39 0.27 0.11 --0.25 
3 0.04 -0.15 0.02 0.49 0.23* 0.37 
Females 
Step: 1 0.23 0.05 
2 0.12 0.44*** 0.09 --0.26 
3 0.07 0.08 0.06 0.41 0.06 0.29 
+ Estimated by stepwise linear regression 
* P<0.05, ** P<0.01, *** P<0.001 
The means and standard deviations of SBP and DBP of the adolescent participants by 
their obesity status are presented in Table 5.46. Mean SBP was signIficantly higher 
(P<0.001) among adolescents with BMI ý! 85th percentile than in those with BMI 
<85th percentile of the BMI reference (Must et aL, 1991). A statistically significant 
difference between the obese and non-obese group was also found for DBP in both 
boys (P--0.005) and girls (P<0.001). 
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Table 5.46. Mean and standard deviation (SD) of SBP and DBP by obesih, 
status in adolescent Bahraini males and females 
N Mean (SD) P -value 
Males 
SBP 
DBP 
Obese' 74 129.9 (15.8) 4.47 0.000 
Non-obese 175 120.0 (15.9) 
Obese 12 74 75.4(10.1) 2.86 0.005 
Non-obese 175 70.7(12.6) 
Females 
SBP 
Obese' 
2 
99 125.4 (13.9) 6.56 0.000 
Non-obese 156 114.4 (12.5) 
DBP 
Obese 1 99 74.9(11.4) 5.57 0.000 
Non-obese 2 156 66.9(10.8) 
IBM I ý: 85th percentile of BM I forage and sex reference values of Must et a/. (1991) 
2 BMI <85th percentile of BM I for age and sex reference values of Must et al. (1991) 
5.5.2 Association of obesity, body fat distribution and blood pressure 
In this study, efforts were taken to investigate the association between BMI, percent 
body fat, body fat distribution and physical activity behaviour, and the risk of having 
an elevated blood pressure among the adolescent participants. The definition of high 
blood pressure was based on the report of the Second Task Force on Blood Pressure 
Control in Children (Task Force on Blood Pressure Control in Children, 1987), 
which was recommended by the WHO expert committee on hypertension control 
(WHO, 1994). 
The dependent variable blood pressure status was categorised as follows: 
I- High BP (SBP and/or DBP ý: 95th percentile for sex and age) 
2- Nonnal BP (SBP and/or DBP <95th percentile for sex and age) 
Of the total sample with complete BP readings (n=504), seventy participants 
(14%) 
were found to have SBP and/or DBP at or above the 95th percentile of the reference 
values, which put them in the high blood pressure category. 
Of these, 45 were males 
(18% of total male sample) and 25 were females (10% of total 
female sample). The 
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associations between the selected variables and the risk of high blood pressure 
summarised using cross-tabulations and crude odds ratios are presented in Tables 
5.47 and 5.48. Factors studied included, age, BMI percentile category, percentage 
body fat, WC, WHR and behaviours related to physical activity. WHR and WC were 
categorised using internal cut-off points (tertiles). Percent body fat categories were 
based on the classification system proposed by Ellis (1996). 
There was no significant association between socio-economic variables, such as 
parents' occupation and level of education, and blood pressure status among 
adolescents (data not shown). In boys, but not in girls, age was found to be 
significantly related to increased risk of having high blood pressure (P---0.005). 
Compared to 12-13 year olds, boys in mid (14-15 years) to late adolescence (16-17 
years) were about 3 times more likely to have increased blood pressure. Using BMI 
as an indicator of obesity, a dose-response relationship was found between obesity 
status and risk of having elevated blood pressure. Boys and girls with BMI ý! 95th 
percentile were nearly 4 and 11 times as likely as those with BMI below the 85th 
percentile to be classified as having high blood pressure, respectively. Similarly, the 
risk of having elevated blood pressure increased with increasing levels of percent 
body fat. Boys and girls who had 35% or more body fat were 4 and 6 times more 
likely to be classified in the high blood pressure category compared to the reference 
group, respectively. 
Waist circumference, a measure of central obesity, showed a significant association 
with the risk of having high blood pressure in both sexes (Table 5.48). Boys and girls 
in the uppermost tertile of WC were approximately 7 times as likely as those in the 
lowest tertile of this measurement to have elevated blood pressure. In contrast WHR 
showed a statistically significant relationship with risk of high blood pressure status 
in the female subjects only (P---0.006, OR= 4.3,95% CI=1.4,13.3). Adjusting for age 
did not affect the odds ratios of anthropometric variables (BMI percentile category, 
percent body fat and waist circumference) and risk of having elevated blood pressure 
(Table 5.49). 
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Table 5.49. Age-adjusted odds ratios of selected anthropometric variables for 
dependent variable blood pressure status (high/normal), n=504 
Factor Male Females 
P- value+ OR (95% CI) P- value+ OR (95% Cl)S 
BMI percentile 
<85th 
85th-95th 
ý95th 
Percent body fat 
<25 
25-35 
>35 
"R tertiles 
1 
2 
3 
Waist circum. tertiles 
1 
2 
3 
0.001 1.0* 0.000 1.0* 
0.009 3.30 (1.4-8.1) 0.466 1.71 (0.4-7.1) 
0.001 3.85 (1.7-8.6) 0.000 11.26 (4.1-30.9) 
0.004 1.0* 0.007 1.0* 
0.223 1.76 (0.7-4.4) 0.562 1.67 (0.3-9.5) 
0.001 3.82 (1.7-8.4) 0.016 6.45 (1.4-29.3) 
0.215 1.0* 0.027 1.0* 
0.860 1.10 (0.4-3.2) 0.035 3.11 (1.1-8.7) 
0.190 1.9 (0.7-5.2) 0.010 4.38 (1.4-13.5) 
0.002 1.0* 0.000 1.0* 
0.077 2.72 (0.9-8.2) 0.957 1.05 (0.2,5.4) 
0.001 6.10 (2.1-17.5) 0.002 7.33 (2.1-26.3) 
$Odds ratio and 95% confidence interval calculated using logistic regression, adjusted for age. 
* Reference category 
+ Wald's test 
Physical activity behaviour variables included walkinglcycling to school and playing 
sport outside school. A significant association between blood pressure status and 
method of travelling to school was observed among boys (P--0.038), but the odds ratio 
did not show a significant reduction in risk of high blood pressure (OR=0.34, 
95%CI=0.08 - 1.0). In girls, there was no statistically significant 
difference between 
those who walked or cycled to school and those who travelled to school by other means 
(P--0.489). Playing sport outside school showed no significant association with risk of 
having high blood pressure in both boys (P=0.089) and girls (P=0.052). However, high 
blood pressure was less prevalent among those boys and girls who reported playing 
sport frequently than among those who rarely played sport (14% Vs. 23% in 
boys and 
4% Vs. 12% in girls). 
5.5.2.1 Multivariate analysis 
Controlling for sex and age, the logistic regression analysis showed that playing sport 
outside school and walking/cycling to school were 
independent factors associated Nvith 
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reduced risk for the development of high blood pressure among adolescents (Table 
5.50). However, when BMI was entered into the model, these significant associations 
were lost. BMI was the only vanable in the model that was strongly related to BP, 
indicating that the observed associations between the physical activity behaviours and 
BP status were confounded by BMI. 
Table 5.50. Multivariate analysis of selected factors for dependent variable blood 
pressure status (high/normal), n=504 
Factor Odds ratio (95%Cl)* P- value+ 
Walking/cycling to school 0.35 (0.13,0.91) 0.031 
Playing sport outside school 0.49 (0.28,0.86) 0.014 
* Odds ratio and 95% confidence interval adjusted for sex, age and other variables in the logistic regression model 
+ Wald's test 
In conclusion, mean systolic blood pressure and mean diastolic blood pressure werc 
higher in males than in females. Weight and height in boys and weight only in girls 
were significantly associated with systolic blood pressure independent of age, percent 
fat or subscapular triceps ratio. Nearly 14% of the adolescents were classified as having 
high blood pressure. BMI, percent body fat and waist circumference were significantly 
and positively associated with a risk of having high blood pressure. PlaYing sj)Ort 
outsicle school and walkingIcycling to school were important factors associated xith 
reduced risk of high blood pressure among Bahraini adolescents. However, this effect 
appears to be mediated by BMI. 
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5.6 PERCEPTIONS OF/AND ATTITUDES TO BODY WEIGHT AMONG 
ADOLESCENTS 
5.6.1 Adolescents' perceptions of body weight 
Perceptual body image was explored in the cross-sectional study, questions such as "do 
you think you are thin, about right, fat, too fat" and "what do your parents pecrs think of 
your body weight" were included in the questionnaire (Appendix 4A). The adolescents' 
perceptions of weight were presented in 4 categories: thin, about right, fat and too fat. 
These categories were converted to the equivalent categories of the BMI for a, -, c 
percentile classification: underweight, normal weight, overweight and obese (Must ct 
al., 1991). Adolescents who reported no self-knowledge of body image, parents' or 
peers' opinion on weight were excluded from the analysis. Thus the number Of SLIbjCCtS 
included in the analysis is less than the total number of participants (506). 
5.6.1.1 Adolescents'perceptions of current weight compared to actual weight 
status 
Table 5.51 summarizes the adolescents' perceptions of their weight in relation to actual 
weight status. Ten percent of the female subjects reported themselves to be underweight 
compared with only 3.5% classified as underweight based on the BMI percentile-weight 
status. This proportion included girls of non-nal weight and one overweight girl. In 
males, perception of underweight (12%) and actual weight status (10%) was more 
consistent. Most of the adolescents who perceived themselves to be of normal %\eight 
were classified as non-nal weight (78% of boys and 84% of girls), but about 15'., of the 
boys and girls were overweight or obese. 
Of those teenagers who considered themselves to be ovenvelght, less than one third 
Nvcrc actually overweight (27% of boys and 32% of girls). The m 
jority, hox\-c\ cr. Nvere 
. 1-n 
I aj n. 
obese, based on their BMI deten-nined weight category (53% of boys and 
47% ot- girls). 
Approximately -10% of the adolescents in 
this group overestimated theii- %vehl'i-it. 
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All of the boys (100%) and most of the girls (73%) were able to correctly match a 
perception of obesity and actual obesity status. Twenty percent of the girls who reported 
being obese were in fact overweight and 7% were of normal weight. 
In summary, more than three quarters (80.5% of boys and 76% of girls) of the obese 
and more than one third (60% of boys and 36% of girls) of the overweight adolescents 
perceived their body weights to be less than their actual weight status. Overall 
approximately 60% of the boys and girls correctly identified their weight category, 30% 
underestimated and 10% overestimated their current weight. 
Table 5.51. Adolescents' perceptions of current weight in relation to their actual 
weight status 
Actual weight status * Adolescents' perceptions of current weight status 
Underweight Normal Wt Overweight Obese Total 
MMMM (%) 
Underweight 12(44.4) 10(7.0) 1(2.2) 0 23(10.4) 
Nonnal weight 14(51.9) 110(77.5) 8(17.8) 0 132(59.7) 
Overweight 0 18(12.7) 12(26.7) 0 30 (13.6) 
Obese 1 (3.7) 4(2.8) 24(53.3) 7(100) 36 (16.3) 
Total (%) 27(12.2) 142(64.3) 45(20.4) 7(3.2) 221 (100.0) 
Females 
Underweight 5(21.7) 3(2.6) 0 0 8(3.5) 
Normal weight 17(73.9) 98(83.8) 15(21.1) 1(6.7) 131(58.0) 
Overweight 1 (4.3) 14(12.0) 23(32.4) 3(20.0) 41 (18.1) 
Obese 0 2(1.7) 33(46.5) 11 (73.3) 46(20.4) 
Total (%) 23(10.2) 117(51.8) 71 (31.4) 15(6.6) 226(100.0) 
* Based on the BMI for age percentile classification: Underweight <5th, normal weight ý! 5th to <85th, overweight 2! 
85th to < 95th, 
obesity ý-95th percentile (Must el al, 1991). 
5.6.1.2 Adolescents'perceptions of parents'opinion of cuffent weight 
compared to actual weight status 
Adolescents' perceptions of parents' opinion on weight in relation to their actual %veight 
status are presented in Table 5.52. Of the total number, nearly 22ý"o of the male and 
26! o 
of the female adolescents reported that their parents considered them to 
be underweight 
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whereas, based on their BMI-weight category, only I I% and 3%, respectively, Nvere 
underweight. Of those adolescents who believed that their parents' regarded them to be 
of normal weight, the majority (71% of boys and 78% of girls) were classified as such, 
less than one quarter were overweight or obese (22% of males and 19% of females) and 
only 7% of boys and 2% of girls were underweight. Of those boys and girls who 
reported a perceived parental opinion of being overweight, only 26% and 35%, 
respectively, were actually overweight. The majority, however, were obese (56% of the 
boys and 40% of the girls) but some were of non-nal weight (18% of the boys and 25% 
of the girls). All of the boys (100%) and most of the girls (85%) who reported a parental 
perception of being obese were in fact obese. 
In summary, about half of the male and female adolescents correctly matched parental 
perceptions of weight with actual weight, but approximately 40% thought that their 
parents would consider them to be leaner than they actually were. 
5.6.1.3 Adolescents'perceptions of peers'opinion of current weight compared 
to actual weight status 
Fifty seven percent of the boys and 49% of the girls reported perception of their peers' 
opinion on weight that was consistent with their BMI-determined weight status (Table 
5.53). While only 13% of the boys were underweight, 22% thought that their ftiends 
would consider them to be underweight. In the girls, a greater degree of discrepancy 
between peers' perception of underweight (24%) and actual underweight (3%) was 
observed. Of those adolescents who believed that their peers regarded them as normal 
weight, 17% of the boys and 21% of girls were overweight and 8% were obese. 
However, the majority of adolescents in this group (about 70%) had a BMI less than the 
85th percentile (i. e. normal weight). 
Of those teenagers who believed that their peers' would classify them as overweight, 
only 25% of the boys and 29% of the girls were actually overweight; a considerable 
percentage (57% of males and 46% of females) was in 
fact obese. Most of the boys 
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(67%) and the girls (89%) who reported a perception of peers' opinion of being obese 
were classified as obese. 
In short, 36% of males and 45% of females thought that their peers considered them to 
be leaner than they actually were. 
Table 5.52. Adolescents' perceptions of parents' opinion of weight in relation to 
actual weight status 
Actual weight status * Adolescents' perceptions of parents' opinion on weight 
Underweight Normal Wt Overweight Obese Total 
Males 
Underweight 14(32.6) 7(6.5) 0 0 21(10.7) 
Normal weight 29(67.4) 77(71.3) 7(17.9) 0 113(57.7) 
Overweight 0 18(16.7) 10(25.6) 0 28(14.3) 
Obese 0 6(5.6) 22(56.4) 6(100) 34(17.3) 
Total 
Females 
43 (21.9) 108(55.1) 39(19.9) 6(3.1) 196(100.0) 
Underweight 5(9.1) 2(2.3) 0 0 7(3.3) 
Normal weight 50(90.9) 69(78.4) 13(25.0) 1(5.0) 133(61.9) 
Overweight 0 13(14.8) 18(34.6) 2(10.0) 33(15.3) 
Obese 0 4(4.5) 21 (40.4) 17(85.0) 42(19.5) 
Total (%) 55(25.6) 88(40.9) 52(24.2) 20(9.3) 215(100-0) 
* Based on the BMI for age percentile classification: Underweight <5th, normal weight 2-5th to <85th, overweight ý 85th to < 
95th, 
obesity ý! 95th percentile (Must et al, 1991). 
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Table 5.53. Adolescents' perceptions of peers' opinion of weight in relation to 
actual weight status 
Actual weight status Adolescents' perceptions of peers' opinion on weig t 
Underweight Normal Wt Overweight Obese Total 
M (%) 
Males 
Underweight 18(42.9) 6(5.3) 0 0 24(12.7) 
Normal weight 23(54.8) 79(69.9) 5(17.9) 1(16.7) 108(57.1) 
Overweight 0 19(16.8) 7(25.0) 1(16.7) 27(14.3) 
Obese 1(2.4) 9(8.0) 16(57.1) 4(66.7) 30(15.9) 
Total (%) 42(22.2) 113(59.8) 28(14.8) 6(3.2) 189(100.0) 
Females 
Underweight 7(13.5) 0 0 0 7(3.3) 
Normal weight 45(86.5) 75(71.4) 12(25.0) 0 132(61.7) 
Overweight 0 22(21.0) 14(29.2) 1 (11.1) 37(17.3) 
Obese 0 8(7.6) 22(45.8) 8(88.9) 38(17.8) 
Total (%) 52(24.3) 105(49.1) 48(22.4) 9(4.2) 214(100.0) 
* Based on the BMI for age percentile classification: Underweight <5th, normal weight ý! 5th to <85th, overweight ý! 85th to < 95th, 
obesity, '?: 95th percentile (Must et al, 1991). 
To detect whether there were significant differences between adolescents' perceived 
weight and actual weight status, the data (Table 5.51 to 5.53) were tested using the 
marginal homogeneity test, a non-parametric test for two related categorical variables 
that uses the chi-square distribution to test changes in responses. Table 5.54 shows the 
means and standard deviations of the marginal homogeneity statistic and the p-value. 
For both the males and females there was a statistically significant difference among the 
perceived and actual weight categories (P<0.001). This indicates that adolescents' 
perceptions of current weight, parents' opinion on weight and peers' opinion on body 
weight are not consistent with their actual weight status, i. e. the way the boys and girls 
perceive their bodies or think that others perceive them is different from reality. 
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Table 5.54. Means (SD) and P-value of adolescents' actual weight status and 
perceived weight status using marginal homogeneity test statistics 
Marginal homogeneity (MH) test 
Sex N Mean (SD) Std MH P- value 
1- Perception of self weight 
Actual Vs. Perceived weight m 221 201.5 (5.07) 4.63 0.000 
F 226 239.5 (5.02) 4.68 0.000 
2- Perception of parents' opinion of weight 
Actual Vs. Perceived weight m 196 211.5 (5.17) 6.47 0.000 
F 215 238.5 (5.50) 6.64 0.000 
3- Perception of peers' opinion of weight 
Actual Vs. Perceived weight m 189 195.5 (5.45) 5.96 0.000 
F 214 257.0 (5.79) 7.95 0.000 
To determine if there is any difference between the two sexes in ten-ns of discrepancy 
between perceived weight and actual weight, a score system was developed. The 
scoring system is based on coding the categories of BMI percentiles (Must et al., 1991) 
with values from 1-4 as shown in Table 5.55. The difference between actual weight 
score and perceived weight score was then calculated for males and females in each 
category of BMI status and then tested for statistical significance using Student's t-test. 
Figures 5.4 to 5.6 show a graphical representation of the relationship between the mean 
of difference in weight scores (actual - perceived) versus actual BMI status for the 
adolescents' perceptions of self, parents' opinion and peers' opinion on body weig t. 
Table 5.55. Scores (1-4) corresponding to BMI percentile weight category 
Actual /perceived weight categories* Score 
Underweight I 
Nonnal weight 2 
Overweight 3 
Obese 4 
* Based on the BMI for age percentile classification: Underweight <5th, normal weight--5th 
to <85th, overweight =85th to 95th, 
obesity ýt95th percentile (Must et al, 1991). 
Figure 5.4. shows that overweight and obese adolescents underestimated their weight; 
i. e. they perceived themselves to be lighter than they actually were. 
Interest, ngly, obese 
adolescents tended to underestimate their weight to a greater 
degree than did the 
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overweight group. Underweight males and females, however, tended to overestimate 
their current body weight. Normal weight adolescents were able to correctly match 
perceived weight and BMI weight status. In all the categories of actual weight status 
there was no difference between males and females in the degree of discrepancy 
between perceived weight and actual weight status (P >0.05). 
Figure 5.4. Mean of difference in weight score (actual -perceived) by adolescents' 
actual weight status category 
1.5 
CL 
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When difference in weight score was calculated for perceived parents' opinion on 
weight and then plotted against actual BMI weight status (Figure 5.5), all adolescents 
except those categorized as underweight demonstrated a positive discrepancy between 
actual and perceived parents' body image; i. e. overweight, obese and normal weight 
adolescents believe that their parents think that they weighed less than they actually did, 
whereas underweight adolescents believe that their parents' considered them to 
be 
heavier than their actual weight. A statistIcally significant difference (P<0.05) between 
the boys and girls was detected among the overweight and obese groups only. 
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Overweight and obese boys showed greater degree of discrepancy bemeen actual and 
perceived parents' opinion on weight than girls. 
A similar pattern of misperception was observed for perceived peers' opinion of %N. ei, -, ht 
(Figure 5.6) with normal weight, overweight and obese participants perceiving thJr 
friends to consider them to be leaner than their actual BMI status. However, there seems 
to be no difference between males and females in the degree of discrepancy (P>O. (ýý). 
Figure 5.5. Mean of difference in weight score (actual -perceived parents' opinion) 
by adolescents' actual weight status category 
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Figure 5.6. Mean of difference in weight score (actual -perceived peers' opinion) by adolescents' actual weight status category 
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5.6.1.4 Adolescents'perceptions of ideal body figure 
sex 
I 
o male 
I 
[3 female 
To measure adolescents' perceptions of ideal body image and how they compare with 
their current body image we used the 9 figure silhouettes developed by Stunkard et al. 
(1983). Subjects were asked to indicate the figure (I to 9) which most accurately 
represented their current body size (current body image) and which they most desired 
(ideal body image). Table 5.56 shows the means and standard deviations of the 
adolescents' perceptions of their current and ideal figures according to the actual weight 
category. The differences between perceived current and ideal body figure were tested 
for statistical significance using Student's paired t-test and presented with their P- 
values. It can be seen that, compared to their current body shape, underweight 
adolescents chose a heavier body figure as their ideal. In the normal weight group, girls 
perceived an ideal body figure which was significantly lighter than their current body 
size. In contrast boys of normal weight indicated a preference for a body figure x%'hich 
was significantly heavier than their current body image. Overweight and obese 
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adolescents reported an ideal body image which was significantly lighter than their 
perceived current body image. 
Table 5.56. Means ± standard deviations (SD) of adolescents' perceptions of 
current and ideal body figure 
Actual weight category N Body image mean ± SD t P-value 
Current Ideal 
Males 
Underweight 27 3.30 ± 0.99 4.56 ± 0.85 -5.79 0.000 
Normal weight 148 4.22 ± 1.02 4.51 ± 1.03 -2.73 0.007 
Overweight 33 5.61 ± 0.79 4.21 ± 0.74 11.37 0.000 
Obese 41 6.51 ± 1.10 4.34 ± 0.79 15.59 0.000 
Females 
Underweight 9 2.44 ± 0.88 3.89 ± 0.93 -8.22 0.000 
Normal weight 148 3.65 ± 1.04 3.36 ± 0.82 3.01 0.003 
Overweight 48 5.15 ± 0.95 3.42 ± 0.77 10.83 0.000 
Obese 52 6.27 ± 1.10 3.96 ± 0.79 21.32 0.000 
* Based on the BM I for age percentile classification: Underweight <5th, Normal weight=5th to< 85th, overweight =85th to 95th, 
obesity ý! 95th percentile (Must el al, 1991). 
Table 5.57 presents proportions of adolescents' ideal body shape according to their 
BMI-determined weight status category. It should be noted that only 7 of the 9 
silhouette figures are presented; this is because the reported adolescents' perceptions 
were located between these 7 figures. 
There seemed to be a general agreement among boys to select figures between 5 and 6 
as their ideal body shape, whereas the majority of girls choose figures between 4 and 5. 
In both sexes, actual weight status seemed to have little effect on the adolescents' 
preferences of body shape. About 10% of girls considered the very thin body sizes 
(body size I and 2) as their ideal body image compared to only 2% among boys. 
More 
boys (6%) than girls (<I%) selected the heavy body sizes (body size 6 and 7). 
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Table 5.57. Percentages of adolescents' ideal body figure by actual weight status 
category 
67 
ir ir 
Actual wt status* % % % % % 00 
I ndcr wt (27) 0.0 0.0 7.4 40.7 44.4 
Normal wt (148) 1.4 2.0 10.1 27.7 50.7 O. S 1.4 
Over wt (33) 0.0 0.0 18.2 42.4 39.4 0.0 0.0 
()hcsc (4 1) 0.0 0.0 17.1 14.1 46.3 2.4 0.0 
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6.8 0.0 0.0 
Over \\ t (48) 2.1 10.4 31.3 5 6.3 0.0 0.0 0.0 
Obese o-)) 0.0 0.0 30.8 44.2 23.1 1 () 0.0 
Lotal (25-) 1.2 8.6 3 8.5 42.0 9.1 0.4 
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0.0 
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Obcsltý ý9501 percentile (M ust et al, 1991 ). 
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5.6.2 Adolescents' attitudes to body weight 
In order to deterrnine the relationship between adolescents' attitudes to body image and 
BMI, adolescents were asked about how they felt about their current body weight 
(content / discontent / never thought about it) and whether they had done anything to 
lose weight (yes / no). Table 5.58 shows the adolescents' attitudes to body weight in 
relation to their actual weight status. More girls (5 1 %) than boys (32.5%) reported being 
discontented with their current body weight (P<0.001). Approximately 15% of the 
adolescents admitted that they had never thought about their body weight in terms of 
being contented/discontented. Despite reporting no concern regarding body weight, 
28% of the boys and 41% of the girls in this group were actually overweight or obese. 
Most of the adolescents who reported dissatisfaction with body weight were overweight 
or obese (58% of boys and 59% of girls), but considerable proportions were of normal 
weight (37% of boys and 39% of girls). 
Table 5.58. Adolescents' attitudes to current body weight by actual weight status 
Actual weight status* Adolescents' attitudes to current body weight 
Content Discontent (%) Never thought Total 
about it (%) 
Males 
Underweight 14(10.9) 4(4.9) 9(22.5) 27(10.8) 
Normal weight 98(76.6) 30(37.0) 20(50.0) 148(59.4) 
Overweight 12(9.3) 15(18.5) 6(15.0) 33(13.3) 
Obese 4(3.1) 32(39.5) 5(12.5) 41 (16-5) 
Total (%) 128(51.4) 81 (32.5) 40(16.1) 249(100.0) 
Females 
Underweight 4(4.7) 2(1.5) 3(7.6) 9(3.5) 
Normal weight 76(88.3) 52(39.4) 20(51.3) 148(57.6) 
Overweight 4(4.6) 34(25.7) 10(25.6) 48(18.7) 
Obese 2(2.3) 44(33.3) 6(15.4) 52(20.2) 
Total (%) 86(33.5) 132(51.4) 39(15.2) 257(100.0) 
*Based on the BM I forage percentile classification: Underweight <5th, normal weight2! 
5th to <85th, o%er-%%cight ý85th to <95th. 
obesity ý: 95th percentile (Must et al, 1991). 
In response to the question "have you done anything to lose weight", 42% of the males 
and 62 % of the females reported that they had done so (Table 5.59). 
Of these more than 
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half (55% of boys and 52% of girls) were either overweight or obese. A significant 
proportion of those boys and girls who reported attempts to lose weight were of the 
normal weight category (44% of boys and 48% of girls). 
Table 5.59. Adolescents' body weight control behaviours by actual weight status 
Actual weight status* Have you done anything to lose weight? 
Males 
Yes (%) No (%) Total 
Underweight 1(1.0) 26(18.0) 27(10.8) 
Normal weight 46(43.8) 102(70.8) 148(59.4) 
Overweight 22(20.9) 11 (7.6) 33(13.3) 
Obese 36(34.3) 5(3.5) 41(16.5) 
Total (%) 105(42.2) 144(57.8) 249(100.0) 
Females 
Underweight 1(0.6) 8(8.2) 9(3.5) 
Nonnal weight 76(47.5) 72(74.2) 148(57.6) 
Overweight 38(23.7) 10(10.3) 48(18.7) 
Obese 45(28.1) 7(7.2) 52(20.2) 
Total (%) 160(62.3) 97(37.7) 257(100.0) 
* Based on the BMI for age percentile classification: Underweight <5th, normal weight-> 5th to <85th, overweight ý! 85th to <95th, 
obesity ýý95th percentile (Must el al, 1991). 
5.6.3 Mothers' perceptions of adolescents' body weight 
Mothers' perceptions of their adolescent children's weight were assessed in the case 
control study. Mothers of obese and non-obese adolescents were asked about how they 
would rate their children's current body weight (thin, normal and fat) and how they felt 
about it (content and discontent). Approximately 40% and 31% of mothers of obese 
boys and girls, respectively, reported their children to be of normal weight (Table 5.60). 
The rest classified their children as fat. While most of the non-obese adolescents' 
mothers perceived their children as normal weight (61% in males and 67% in females), 
more than one third considered their children to be thin (40% in males and 
33% in 
females). None of the mothers in this group perceived their children as 
being fat. With 
respect to attitudes to children's current body weight, approximately 
30% of obese 
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adolescents' mothers expressed contentment with their children's Nvelght compared to 
60% among mothers of non-obese adolescents (Table 5.61). 
Table 5.60. Mother's perception of child's current body weight by adolescent's 
obesity status 
Adolescent's obesity status * Mother's perception of child's current weight 
Thin Normal weight Fat Total 
NN (%) (%) 
Males 
Obese 0 17(39.5) 26(60.5) 43(100) 
Non-obese 17(39.5) 26(60.5) 0 43(100) 
Total 17(19.8) 43(50.0) 26(30.2) 86(100) 
Females 
Obese 0 20(31.3) 44(68.8) 64(100) 
Non-obese 21 (32.8) 43(67.2) 0 64(100) 
Total 21(16.4) 63(49.2) 44(34.4) 128(100) 
* Based on WHO BMI for age and skinfold for age criteria (WHO, 1995) 
Table 5.61. Mother's attitude to child's current body weight by adolescent's 
obesity status 
Adolescent's obesity status * Mother's attitude to child's current body weight 
Content Discontent Total 
Males 
Obese 13(30.2) 30(69.8) 43(100) 
Non-obese 26(60.5) 17(39.5) 43(100) 
Total 39(45.3) 47(54.7) 86(100) 
Females 
Obese 20(31.3) 44(68.8) 64(100) 
Non-obese 39(60.9) 25(39.1) 64(100) 
Total 59(46.1) 69(53.9) 128(100) 
* Based on WHO BMI for age and skinfold for age criteria (WHO, 1995) 
In summary, more than half of the girls and about one third of the 
boys expressed 
discontent with their current body weight. This was consistent with the observation 
that 
over 60% of females and 40% of males attempted to lose weight. 
Approximately one 
third of obese adolescents' mothers reported their children to 
be of normal Nvelght and 
about one third expressed contentment with their children's weight. 
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CHAPTER VI: DISCUSSION 
Obesity is a major health problem facing the world today. It is increasing at an alarrning 
rate in many countries and is affecting people of all ages. Obesity in children and 
adolescents is particularly serious since overweight children are more likely to become 
obese adults. In addition, obesity early in life is associated with a wide variety of 
metabolic abnormalities and increased risk of diabetes, CVD and many other chronic 
diseases (Must & Strauss, 1999). 
The causes of childhood and adolescent obesity are largely unknown. The increasing 
trends of obesity observed in many industrialised societies and in countnes undergoing 
rapid economic transition over the last decade or so suggest that obesity is a product of 
complex interactions between genetic and environmental factors. This is because 
significant changes in the population genetic makeup alone could not have occurred in 
such a short time (WHO, 2000). The environment may contribute to weight gain 
through promoting behaviours that favour high energy intake and low energy 
expenditure, whereas the genetic makeup of an individual determines the strength of the 
physiological defence mechanisms against shifts in the energy balance caused by such 
environment. 
Among the countries that have experienced rapid socio-economic and lifestyle changes 
are the Arab Gulf States. This was mainly due to the oil boom of the 1970s and the 
resultant sharp increase in income. With affluence, new patterns of food consumption 
and social practices have emerged which are characterized by a shift from the traditional 
diet (which consists mainly of fish, rice and vegetables) towards a more westemised 
diet, as well as adoption of a sedentary lifestyle. These factors are believed to have 
contributed to rising levels of obesity and overweight, and consequently new trends of 
disease (Musaiger, 1993). Rates of mortality and morbidity due to infectious diseases 
and under-nutrition have decreased, while those due to chronic non-communicablc 
diseases such as cardiovascular diseases, diabetes, hypertension and cancer 
ha%-e 
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increased. Estimates of the prevalence of overweight and obesity in adolescents van, in 
different Gulf countries, but in general they are similar to or eNen higher than those 
reported in many Western Countries (Table 2.2). 
6.1 PREVALENCE AND CHARACTERISTICS OF OBESITY IN BAHRAINI 
ADOLESCENTS 
In this study, a population representative sample of 506 male and female Bahrain, 
schoolchildren between the ages of 12 to 17 years was selected from the four 
governorates of Bahrain using a multi-stage random sampling technique. The sample 
represents about 1% of the total number of students in the intermediate and secondary 
levels of the Government schools in Bahrain. 
The classification of weight status among the study participants was determined using 
the criteria of the WHO Expert Committee (WHO, 1995). Previous studies on Bahraini 
children and children from other Arab Gulf countries have estimated overweight and 
obesity using the 85th and 95th percentile of BMI for age. Thus to allow for comparison 
with these reports we have also used these BMI cut-offs (Must et al., 1991) to define 
overweight and obesity in the sample of Bahraini adolescents. Additionally estimates of 
overweight and obesity were presented using the BMI cut-off points of the IOTF (Cole 
et al., 2000). The results showed that more than half of the Bahraini adolescents (59% 
of boys and 58% of girls) were of normal weight (ý! 5th to <85th percentile of BMI for 
age) whereas I I% of the boys and 3.5% of the girls were in the underweight category 
(<5th percentile). These estimates were in agreement with studies done in Kuwait (Al- 
Mousa & Parkash, 2000) and Saudi Arabia (Abahussain et al., 1999). RegardIng the 
prevalence of overweight and obesity, our data showed that 8% of the boys and 3.5% of 
the girls were overweight and that 21% and 35% were obese, respectively, according to 
the WHO criteria. Compared to previous reports in Bahrain, the observed 
levels of 
obesity appear to be high, even though it is difficult to make such a comparison 
(Musaiger et aL, 1993; Blair & Gregory, 1985). This is largely 
due to differences in 
criteria used to define overweight and obesity as well as the 
different age range of 
cohorts included in these studies. One exception, however, was a studv on 
Bahraini girls 
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by Musaiger et al. (2000a), which was based on data collected in 1992. Compared to 
that study the present findings showed a remarkable decline in overweight and an 
increase in obesity among girls, using the same reference data (Must et al., 199 1 ). The 
prevalence of overweight for the same age group (12-17 years) was 36.5% in 1992 and 
declined to 18.7% in this study, whereas that of obesity was 7% and increased to 20.20 o. 
These observations suggest a trend of greater fat accumulation in adolescent girls during 
the 1992-2000 period. Furthen-nore, since the changes with time observed in these 
estimates were not in the same direction (i. e. overweight decreased while obesitN, 
increased), it is possible that a shift affecting mainly the upper part of the BMI 
distribution has occurred, causing more overweight girls to become heavier and 
therefore obese. Troiano and Flegal (1998) found that most of the rise in the prevalence 
of obesity among US children and adolescents during the last three decades (period 
between NHES and NHANES III surveys) has occurred among the heaviest group of 
the population. 
The high rate of obesity in the adolescents of this study was consistent with that seen 
among other age groups in Bahrain, such as primary school children (Al-Aboudi et al., 
1995) and adults (Musaiger & al-Roomi, 1997; al-Mannai et al., 1996). Compared with 
other countries, the increased prevalence of obesity observed was in line with reports 
from Kuwait (Al-Mousa & Parkash, 2000) and Saudi Arabia (Al-Nuaim et al., 1996b; 
Abahussain et al., 1999), but was higher than that seen in some Western Countries such 
as the USA (Troiano & Flegal, 1998). It has been suggested that abundant supply and 
easy access to high calorie foods, and reduced physical activity associated with the rapid 
socio-economic transitions in this part of the world have all contributed to the 
increasing prevalence of obesity (Musaiger, 1993). 
6.1.1 Comparison of overweight and obesity prevalence estimated by three 
different sets of criteria/standards 
Despite the different estimates of the prevalence of overweight and obesity obtained 
by 
the three sets of criteria used in the present study, the findings 
indicate a high 
prevalence of obesity and overweight among adolescents in Bahrain (Table 
5.16). Nk, hile 
obesity in the teenagers was highest when the WHO recommended criteria were 
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applied, Must et al'S and the IOTF standards yielded somewhat similar but lower 
estimates than those calculated using the WHO standard. These findings were not 
entirely unexpected and appear to be related to differences in the anthropometric 
indicators, cut-off points and reference data used, as well as differences in the statistical 
approaches on which these three methods are based. The WHO recommended criteria, 
for example, use a composite measure of skinfold for age and BMI for age, whereas 
both Must et al's and the IOTF methods are BMI based standards. It is well known that 
different anthropometric indicators provide substantially different rates of obesity in 
youth (Marshall et al., 1991). Skinfold thickness, for example, gives higher estimates of 
obesity than measures based on weight and height. Furthermore, the reference data 
published by Must et al were derived from the US NHANES I surveys, whereas those 
of the IOTF were derived from pooled international data from six different countries, as 
well as being based on an entirely different approach in relation to determining BMI 
cut-off values. 
Recently, Flegal et al. (2001) compared the prevalence of overweight and obesity in US 
children and adolescents calculated using the CDC-US growth charts, IOTF standard 
and Must et al's standard. They found that these three methods did not give similar 
prevalence estimates and that the IOTF standard produced higher estimates of 
overweight and obesity in adolescents than the standard of Must et al. In this study, a 
similar tendency for the IOTF method to give higher estimates than Must et al's 
standard was noted, but only for the prevalence of overweight. The variability observed 
among the three sets of criteria underscores the need for establishing common and 
uniformly accepted criteria for overweight and obesity in children and adolescents. 
Although BMI is not an exact measure of body fat, BMI for age-based standards such as 
that of Must et al or IOTF appear to be more preferable to use than skinfold 
based 
criteria. Skinfold thickness measurements are subject to considerable 
inter and intra- 
observer error, whereas measures based on height and weight are simple to obtain in a 
wide variety of settings as well as being reliable (Himes, 
1989). This is particularly 
relevant to developing countries, including the Arab Gulf countries, where skinfold 
measurement may be difficult to apply on girls and women, 
because of cultural 
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considerations. Furthermore, the high subcutaneous fat store observed among the 
adolescents of this study is a cause of concern since it is known that the reliability of 
skinfold measurement decreases as body fat increases. In this study we have e%'aluated 
the usefulness of BMI as a predictor of relative obesity in adolescents. BMI showed a 
high correlation with percent body fat in both genders independent of age (r--0.932 in 
boys and 0.921 in females, P<0.001), suggesting that BMI is a useful indicator of 
fatness in the adolescent Bahraini population. 
6.1.2 Anthropometry 
Anthropometry is widely used in surveys as an indicator of nutritional and health status. 
It is especially important during adolescence as it allows evaluation of physical and 
maturational growth as well as health risks during this critical period of development. 
The finding of this study that weight and height increased with increasing age is 
consistent with biological processes in adequately nourished children. Bahraini 
adolescents showed a better growth pattern than previously reported. Compared to a 
national survey conducted in 1986 on school children between 6 and 18 years of age 
(Musaiger et al., 1989), our results showed a marked increase in the mean height and 
weight of adolescents of both sexes and at all ages. It is expected that with improvement 
of health services, food availability and nutrition awareness that the new generation 
would be taller and heavier than its predecessors. When compared to the growth of 
adolescents in other Arab Gulf States, Bahraini girls were very similar to Saudi girls in 
weight and height (Abahussain et al., 1999), but Bahraini boys were taller and heavier 
than Saudi boys (al-Nuaim et al., 1996b). In comparison with adolescents from Western 
countries, Bahraini teenagers were shorter and of similar weight or even heavier than 
their American counterparts (CDC, 2000). Population variations in growth are the result 
of interaction between genetic and ethnic factors as well as a variety of environmental 
influences including socio-economic conditions and nutritional and health status. 
The data of the present study showed that all anthropometric measurements and body 
composition parameters that were related to or indicative of obesity Nvere high. Mean 
BMI, skinfold thickness and percent body fat were all higher than those reported in 
earlier studies on Bahraini children of corresponding age range, indicating a secular 
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trend of greater fat accumulation among the adolescent population that appeared to have 
occurred during the last two decades in this country (Musaiger et ul., 1989; Musaiger & 
Gregory, 2000; Musaiger et al., 2000a). In general, adolescents' BMI mean values N% cre 
consistent with those of Kuwaiti (Al-Mousa & Parkash, 2000), but higher than those of 
Saudi (Abahussain et al., 1999) and Omani children (Musaiger, 1994a). KuNvait has a 
higher level of socio-economic conditions and urbanization. It also has one of the 
highest rates of obesity in the world (WEO, 2000). Comparison with BMI data from 
Western Countries, such as the American CDC BMI charts (CDC, 2000) revealcd an 
even greater trend of obesity in Bahraini adolescents, especially among girls. For most 
age categories, median BMI values of Bahrain boys were above the 50th percentilc 
while those of girls exceeded the 75th percentile of the American reference. 
Adolescent girls of this study had higher mean BMI values than boys at all ages, and 
this was reflected by the finding that obesity was more prevalent among girls than in 
boys, irrespective of the criterion used to define weight status. Previous studies frorn the 
Gulf region have documented a similar sex difference in BMI both in adolescents 
(Musaiger et al., 1993; Al-Mousa & Parkash, 2000) and in adults (al-Mannai et al., 
1996; Musaiger & al-Roomi, 1997). Age and sexual maturation are important factors 
producing variations in BMI. Several investigators have suggested that the BMI-body 
fat relationship is affected by sexual maturation to a greater extent than by 
chronological age (Daniels et al., 1997; Bini et al., 2000). Our data showed that most of 
the obesity (BMI >95th) occurred at age 14 years in boys (25%) and at age 15 years in 
girls (29%). One of the limitations of the present study, however, is lack of information 
about the maturational status of Bahraini teenagers. Although it was clear from the 
beginning (study design stage) that pubertal status would be difficult to determine, due 
to various cultural and technical constraints, the lack of such important information 
niakes it very difficult to interpret the anthropometric data and the obserý-ed trend of 
increased fatness among the Bahraini adolescents. 
In this study the sex-specific equations of Slaughters et al. (1988), which depend on 
skinfold thickness measurements were used to estiniatc percent body fat in tile 
adolescents. These equations are based on the multi-compartmental model of bodý, 
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composition, which takes into account varl II iations in fat free mass density that occurs 
a result of children's growth. Cross-validation studies have vielded acceptable cstimates, 
of body fat calculated by these equations (Wong et al., 2000; Janz et al., 1 ()(). 3). 
However, it has been suggested that predictive equations of body compositions tend to 
provide less accurate estimates of body fatness when used on a population ýN-hich is not 
ethnically similar to the one from which they were denved (Lohman, 1992). Having this 
in mind, and since equations of body fatness that are specific for the Arab adolcsccnt 
population are not available, we have used the equations of Slaughter et al. (1988) only 
to obtain a general idea of the extent of excess adiposity in Bahraini boys and girls. TlIc 
reproducibility of the skinfold measurements used to derive percent body fat was 
determined by calculating the inter-and intra-observer technical error of measurement 
(TEM). The results of the reliability analysis showed that the TEM values for skinfold 
measurement were within the acceptable range as detemilned by the sex and ag'e 
specific reference data of Ulijaszek and Loune (1994) (see Appendix 5). 
Our results showed that mean percent body fat was 22.4"o in boys and 37.5% in girls. 
According to the body fat classification of Williams et al, (1992), more than one half of 
the girls and about one third of the boys were in the high-risk category for percent body 
fat (i. e. percent fat ý! 25% in boys and ý! 30% in girls). Our data also showed high mean 
values for triceps and subscapular skinfolds. For instance compared to the US data ot, 
NHANES-1 (Must et al., 1991), boys' median values of tnceps skinfold were abovc the 
50th percentile of the American reference, whereas girls' values exceeded the 85th 
percentile of the same reference. A similar picture was found with other anthropometnc 
fat indicators such as the arm fat area. 
The results of the study showed a characteristic sexual dimorphism In the 
anthropometric and body composition indicators of Bahraini adolescents. Whilc B\11 
and percent body fat increased progressively Nvith age in girls, there \\as a transient 
decline in percent of body fat in boys, which occurred at age 15 vears. Lean body mass, 
however, continued to show a steady increase Nvith age in boys. Thesc observations 
were consistent Nvith the findings of Schaefer et al. (1998) v. -ho havc documented a 
similar pattern of fat accumulation in a cross-sectional study on Gen-nan adolescents in 
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whom pubertal development was assessed. Percent body fat was markedly IoNver in 
pen-pubertal boys than in pre- or post-pubertal boys. The existence of a sharp decrease 
in fat accumulation in boys has also been demonstrated in longitudinal studies ot - 
skinfold thickness (Gasser et al., 1993). Although it is difficult to speculate about the 
causes of these trends seen in the body composition of the Bahraini adolescents as thev 
were observed in a cross-sectional study, it is possible that sexual maturational chan, -Ics 
in body fat content and lean body mass are responsible for them. Sexual development is 
an important factor influencing anthropometric measurements and body composition 
during adolescence (WHO, 1995). In the present study, however, pubertal staging Nvas 
not performed due to cultural considerations. A previous study in NN, hich puberty Nvas 
determined indirectly (by questioning girls about age of menarche and attainment of 
adult voice in boys) has found that the mean age of puberty in Bahraini boys was 14.6 
years and that of menarche in girls was 13.0 years (Musaiger et al., 1993). If these 
estimates were correct then it would be tempting to speculate that the drop in body fat 
observed at age 15 years in the boys of this study reflects puberty-induced changes in 
fat accumulation. During adolescence, sex differences and age variations in fat mass, fat 
free mass and regional body fat distribution become apparent. While body fat increases 
till the age of 17 years in girls, it starts decreasing at the age of 13 years in boys. 
Conversely, lean body mass increases steeply up to the age of 19 years in boys whcreas 
in girls it stops increasing at age 15 years (Rolland-Cachera, 1993). It has been 
suggested that the rising level of sex hormones during puberty may contribute to the 
changes in body composition and regional fat distribution, as these changes coincide 
with peak height velocity of the growth spurt, which in turn is believed to be mediated 
by the androgen-dependent increase in growth hon-none release (Rogol, 1994). More 
recently a sex dimorphism in leptin levels, which is related to the gender-specific 
changes in body composition has been shown to exist in adolescents, suggesting a role 
for leptin in signalling the initiation of puberty (Ahmed et al., 1999). 
6.1.3 Body fat distribution 
Waist to hip circumference ratio, Nvaist circumference and subscapular to triceps 
skinfold ratio are important anthropometric indicators of regional body fat distnbution, 
and high values of these measurements are associated with greatcr android (central) 
200 
Chapter Tl. - Discussion 
obesity and possibly higher intra-abdominal fat accumulation. Our results sho\\ Cd that 
approximately one third of the adolescents had WC measurements II iN c of- high 
trunk fat mass, based on the sex and age-specific-cut-offs of Taylor et al. (2U00). 
Studies have shown that central fat distribution in adolescents is associated with a 
variety of metabolic disturbances including elevated blood pressure, increased insulin 
resistance and hyperinsulinemia as well as increased plasma TG and LDL-C, and 
decreased HDL-C (Freedman et al., 1999b; Daniels et al., 1999; GIllum, 1999). Gender- 
specific patterns of fat deposition become established during puberty and appear to be 
influenced by sex hormones. The finding of this study tI I hat boys had hig , her WI-i R 
values than girls was consistent with previous reports (Martinez et al., 1994, Weststrate 
et al., 1989) and reflects a more centralized fat distribution in boys. The lack of clear 
trend in the WHR with age was probably due to individual variations in pubertal stage, 
as sexual maturation has a strong effect on WHR (Martinez et al., 1994). Howevcr, data 
for STR revealed a sex specific pattern which was similar to that described by Rollaild- 
Cachera et al. (1990). There was a marked increase in STR in boys, Nvhich began at ýq'e 
13 years and continued till it reached maximum level at age 15 years. In girls, however, 
no significant variation in STR with age was observed. During adolescence, boys 
experience a rapid loss of subcutaneous fat at the extremities and an increase in trLincal 
fat accumulation resulting in elevated trunk/limb skinfold ratio, whereas in girls the 
trunk/extremity skinfold ratio does not change much, as both skinfolds increase in a 
corresponding fashion (Rolland-Cachera, 1993). 
6.1.4 Association of fatness with other health-related risk factors 
The relation between obesity in adolescents and CVD risk factors such as 
hyperlipidemia, hypertension, and abnormal glucose tolerance has been reviewed in the 
literature (Strauss, 1999; Must & Strauss, 1999). Excessive fatness, whether assessed by 
skinfold thickness or BML, has been shown to have an adverse impact on blood 
pressure, insulin level and serum lipoproteins in children and adolescents (Gortmaker et 
al., 1987; Srinivasan ci al., 1996; Williams et al., 1992). The data of this studý showed 
a strong association between percent body fat and factors considered indicative of 
Imes, greater risk to health, CVD. Boys and girls with elevated SBP were nearly 3 and 4 ti 
respectively, more likely to have percent body fat at or exceeding the high risk threshold 
201 
I Chapter I I. - Disc assion 
than those with non-nal SBP. Analysis of the data showed that all adolescents Nvho 
reported having diabetes were in the high percent body fat category. - Ithou, h the tN-pe c, 
of diabetes (i. e. type I or type 2 (NIDDM)) was not ascertained in participants, the 
prevalence of NIDDM among adults in Bahrain is high, and reports from the United 
States indicate that the incidence of the disease is increasing among adolescents, 
especially obese adolescents (Dabelea et al., 1999; Pinhas-Hamiel et al., 1996). Bo&' 
fat was also found to be strongly associated with other anthropometric measureniclits 
such as WC (P<0.001) and WHR (P<0.001) but not with STR (P>0.05), in both 
genders. Moreover, about 32% of the boys and 60% of the girls had percent body t', t 
that would put them in the high-risk category for CVD. A similar pattern of associations 
was observed when BMI percentile category was employed to assess the relationship 
between fatness and SBP, DBP, and the occurrence of diabetes, indicatim, that obesitY 
is a significant factor associated with CVD risk in Bahraini adolescents. 
In summary, the findings of the present study revealed that Bahraini adolcscents haý'c a 
high level of adiposity, whether assessed by BMI, skinfold thickness or percent bod), 
fat, compared to their counterparts in the Western countries. In addition, our data 
document a secular trend of increasing obesity in Bahraini adolescents, which appcars 
to have occurred over the last decade and a half 
6.2 DETERMINANTS OF OBESITY IN BAHRAINI ADOLESCENTS 
As in adults, childhood and adolescent obesity is a consequence of positivC energy 
balance, which over time leads to a gradual but persistent accumulatioil of excess fat ill 
adipose tissues. Both genetic and environmental factors appear to be important in the 
aetiology of obesity. Studies indicate that parental obesity is a key risk for childilood 
obesity (Maffeis et al., 1998) and that a significant percentage (30%-50"o) of the inter- 
individual variability in BMI is attributable to genetic factors (Bouchard et al., 1998). 
Howe\'er, in order for an individual's susceptibility genes to be fully expressed, certain 
eiwironniental influences that have the potential of causing shifts in the energy bal-ancc 
equation must also exist. Among the environmental factors that havc beell implicated ill 
childhood and adolescent obesity is physical inacti\-it%- and increased energy intake. 
Other associated factors include aoc and sex, socio-economic status, perinatal I-actors. 
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parental obesity and the family environment. This section discusses the relationship 
between these factors and the risk of obesity among Bahraini adolescents based on the 
findings of the present study. 
6.2.1 Socio-demographic factors 
Sex and age are Important factors influencing variations in the dietary habits and 
physical activity behaviours and consequently the weight status of adolescents. 
However, inconsistencies regarding gender differences in the prevalence of childhood 
and adolescent obesity have been reported. Some investigators have found a higher 
prevalence of overweight and obesity among girls (Hanley et al., 2000), whilst others 
have indicated that the prevalence was higher among boys (Bellizzi et al., 2001; De 
Vito et al., 1999). In the present study, obesity was higher among girls than in boys, 
irrespective of the criterion used to assess the weight status. Although no significant 
association was found between obesity and age in both sexes, there was a tendency for 
obesity to increase with increasing age in females, whereas in males it tended to 
decrease with age. Studies on adult obesity in Bahrain have shown that women were 
more prone to obesity than men (Musaiger et al., 2000b; Al-Mahroos & McKeigue, 
1998). Thus the problem appears to start at a young age. Previous work on Bahraini 
adolescents (Musaiger et al., 1993) and adolescents from other Arab Countries 
(Mokhtar et al., 2001; Abahussain et al., 1999; Al-Mousa & Parkash, 2000) have 
documented a similar age and sex trend of obesity to that observed in this study. 
Differences in fat accumulation associated with growth and puberty may be responsible 
for the higher prevalence of obesity among girls. Socio-cultural factors may also exert a 
differential influence on the BMI of adolescents. In Bahrain, for example, as boys get 
older they become more engaged in outdoor activities such as participation in sports 
clubs and other social events, which gives them greater opportunities to become 
physically active, whereas girls, because of the social customs, tend to spend most of 
their leisure time indoors engaging in more sedentary types of activities. 
Socio-economic status is a major determinant of obesity both in adults and in children. 
The nature of the relationship between SES and obesity varies in different countnes. In 
many developing societies, SES has been shown to be directly related to obesaN, 
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whereas in developed countries, an inverse relationship has been reported (Sobal & 
Stunkard, 1989). Obesity in schoolchildren is strongly linked to the family's socio- 
economic status (Power & Parsons, 2000; Rolland-Cachera & Bellisle, 1986). Family 
income, parents' occupation and level of education are all significant predictors of 
weight status as they influence the child's energy intake and physical activity. In this 
study, SES was based on parents' education and occupation. The results revealed a 
strong and direct relationship between mothers' education and girls' BMI status. These 
findings were further confirmed by the results of the family environment study, which 
showed that obese adolescents were more likely to be the children of highly educated 
mothers and fathers with non-manual jobs (i. e. professionals, civil servants and in 
private businesses) than the non-obese. These results were consistent with earlier 
studies on Bahraini primary school children (Al-Aboudi et al., 1995) and adults (Al- 
Mahroos & McKeigue, 1998; Musaiger et al., 2000b). 
The findings of the cross-sectional study showed that the mother's educational 
qualification was significantly and directly related to obesity in girls but not in boys. In 
contrast, Musaiger et al. (1993) found that the mother's education was positively 
associated with obesity in adolescent boys, whereas in girls no significant relationship 
with obesity was observed. A possible explanation for this discrepancy between the two 
studies is that in Musaiger et al's study the definition of parents' educational status was 
based on a rather broad dichotomous category, "illiterate" and "literate". If the 
educational level were defined in a more detailed manner, as was carried out in the 
present study, it is possible that a different pattern of association might have emerged. 
In addition, the age range of the subjects in the two studies was different, as well as the 
criteria used to assess obesity in the adolescents. 
Social and cultural factors may influence the eating patterns and physical activity 
behaviour of the children and adolescents in many ways. Adolescents bom to a 
privileged social class may eat more calorie-dense foods. They may also have more 
pocket money to buy sweets and snacks. In addition, affluent families in Bahrain 
usually depend on housemaids to perform house chores, which in turn may deprive the 
children from the minimal forrn of physical activity that helping around the house can 
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provide, especially if they do not practise any kind of sport. This was supported by our 
finding that the availability of domestic help in the household was associated 
significantly with obesity in the adolescents, independent of the mother's education and 
obesity status. 
6.2.2 Dietary habits and behavioural factors 
In the present study, energy intake from habitual diet was not assessed. This Nvas largelý, 
due to lack of food composition tables that include common local dishes and ready- 
made foods in the Gulf region, as well as to the difficulty of estimating portion size as 
most Bahraini families eat together from the same plate (Musaiger, 1987). 
Unfortunately data on the intake of nutrients in Bahrain are scarce or non-existent. The 
only available information is that published by the Food and Agriculture Organization 
(FAO, 2000) on the per capita consumption of fat and energy in some Arab Middle 
Eastern Countries, excluding Bahrain (Table 6.1). Since the socio-economic factors and 
dietary habits in Arab Gulf countries are relatively similar (Musaiger, 1987), data from 
Kuwait, Saudi Arabia and the United Arab Emirates may provide a general idea of the 
situation of food and nutrition in Bahrain. The daily per-capita energy intakes in the 
Gulf countries range from 2783 - 3390 Kcal while that of fat range from 79 - 109 grams 
(percent energy from fat ranges from 26% to 29%). In comparison with figures from 
other countries, the consumption of fat in the Gulf Region is higher than that in other 
Middle Eastern Countries, but is less than intakes reported in many western countries. 
In the absence of specific information on habitual nutrient and energy intake it is 
difficult to assess the situation of food consumption of the Bahraini population and its 
relation to obesity. However, a study conducted by Zaghloul et al. (1984), in which 
obese and non-obese Bahraini adolescent girls were compared with regard to dietary 
intake, showed that obese girls consume significantly more calories, fat and proteins 
than their non-obese peers. The mean daily intake of energy and fat for the obese girls 
was 2,529 kcal and 79.2 grams compared to 2,037 kcal and 61 grams for the non-obese 
(percent energy from fat: 28.2% vs. 26.9%). 
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Table 6.1. Daily per capita consumption of energy and fat in selected Arab Middle 
Eastern Countries (1997) and Western Countries (1995) 
Country Calories 
(Kcal) 
Fat 
(gram) 
% Energy from fat 
(Kcal) 
Egypt 3287 58 15.9 
Iraq 2619 77 26.5 
Sudan 2395 37 13.9 
Kuwait 3096 95 27.6 
Saudi Arabia 2783 79 25.5 
UAE 3390 109 28.9 
France* - 140 - 
United Kingdom* 140 
Sweden* 130 
Source: FAO (2000), * Seidell, (1995) 
The results of this study showed a picture of strong associations between obesity and 
eating habits in the Bahraini adolescents. Adolescents who practised eating behaviours 
which are generally considered to be "unhealthy", such as frequent snacking, skipping 
breakfast, eating meals while watching TV, distress eating and frequent intake of fast 
foods, had a significantly higher risk of developing obesity. On the other hand, 
adolescents who reported healthy eating habits, such as eating with the family members, 
had a reduced risk of being obese. The data has also revealed a clear gender difference 
in relation to the pattern of risk associated with these eating behaviours. With the 
exception of snacking habits, which showed a significant association with BMI status 
in 
boys, all of the observed associations between eating behaviours and obesity were 
found 
to be statistically significant in females only. While its difficult to explain %%'hy such sex 
differences in eating habits and consequently obesity risk exist among 
Bahraini 
teenagers, it is possible that the observed differences reflect a 
differential influence 
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exerted by the social customs and traditions in Bahrain in relation to the eating 
behaviours of the male and female adolescents. 
Our findings showed that skipping breakfast was significantly related to an increased 
risk of obesity in female adolescents. The association between breakfast skipping and 
greater BMI observed in this study and other studies (Guansheng, 2001; Musaiger, 
1994a; Surnmerbell et al., 1996) may reflect a dieting technique practised by these girls, 
as many overweight girls resort to omitting breakfast as means of losing weight (Bull, 
1988). A study from Australia showed that girls were three times more likely to skip 
breakfast than boys, and that children who skipped breakfast were more likely to be 
dissatisfied with their weight and to have been on a diet, than those who ate breakfast 
(Shaw, 1998). Musaiger et al. (1991) found that skipping breakfast to help in weight 
reduction was a widely held belief among females in the Gulf region. It is also possible 
that girls who skip breakfast tend to consume greater amounts of food at lunch, and thus 
gain weight. 
Frequent snacking is an important feature of adolescents' food habits. The results 
showed that frequent snacking is a significant independent risk factor for obesity in 
boys. Types of snacks consumed by the adolescents, and their nutritive value, were not 
investigated in this study. However, a study in which the caloric and macronutrient 
composition of snacks and meals consumed by British adolescents were assessed 
showed that compared with meals, snacks have a relatively high sugar composition and 
a relatively low fat and protein content (Surnmerbell et al., 1995). In a study on the 
dietary habits of Omani adolescent girls, Musaiger et al. (1994a) observed a similarity 
between the snacking habits and food preferences of these girls and those practised 
by 
their Western counterparts. Since many snacks have a high caloric content, the 
direct 
relationship between frequency of snacking and obesity observed in this study may 
be 
indicative of increased energy intake of the adolescent boys. Snacking may contribute 
to 
weight gain by providing occasions for consuming energy-dense 
foods in between 
meals, as well as by increasing the frequency of such 
intake. Jahns et al, (2001) 
documented an increase in the prevalence of snacking among 
US children and 
adolescents during the 1977 to 1996 period, and concluded that the observed 
increase in 
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the energy contribution of snacks was mainly due to the increase in the frequency of 
snacking rather than the size or energy content of the snack. The observation that 
snacking late at night and in the afternoon was linked to obesity in Bahraini boys but 
not in girls was not entirely unexpected and appears to be related to the social context in 
which snacking occurs. Bahraini teenage boys have greater opportunities to go out, 
especially at night, and purchase snacks as well as eat away from home in caf6s and fast 
food restaurants than girls. 
Frequent consumption of fast food has been shown to be associated with higher energy 
and fat intake in adolescents (French et al., 2001) and with greater weight gain in 
women (French et al., 2000). Our findings showed that high frequency of eating 
takeaway fast foods was significantly related to obesity in girls but not in boys. Home 
delivery fast food restaurants are a growing business in Bahrain and have become very 
popular in the past few years, especially among the younger generation. While boys can 
actually go with their friends to these places, girls have to content themselves with 
making home delivery orders. 
The daily consumption of fruits and vegetables is an important indicator of healthy diet. 
Most fruits and vegetables have low caloric content and are rich in fiber and 
micronutrients. More than one quarter of the boys and one third of the girls in this study 
did not eat fruits daily, but no significant association was found between intake of fruits 
and risk of obesity in the adolescents. A study on Bahraini adults, however, showed that 
frequent consumption of vegetables was negatively related to obesity, whereas that of 
fruits was positively related to obesity (Musaiger et al., 2000b). 
Family food habits is a ma or factor influencing a child's energy intake (Feunekes et al., i 
1998; Birch & Davison, 2001). This includes not only food selection for meals but also 
the habit of eating meals together with parents and other family members. The results of 
this study indicated that eating meals together with the family was a significant 
factor 
associated with reduced risk of obesity in girls, independent of mothers' education and 
other related factors. This is consistent with the results of Thakur and 
D'Amico (1999) 
who found that obese adolescents were more likely to report infrequent meals with the 
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ifarmily than non-obese adolescents. Having meals with the family may provide 
protection against obesity through reducing frequency of snacking as well as through 
guarding against eating nutritionally poor calorie-dense foods. Gillman et al. (2000) 
found that eating dinner with the family was significantly associated with healthy 
dietary intake patterns in US children and adolescents, including greater fruit and 
vegetable consumption, less intake of fatty foods and soda, and more micronutrient and 
fiber consumption. 
The practice of taking meals in front of the TV has become very popular among 
Bahraini families in recent years. Family members would usually sit on the floor of the 
living room and have their meal while the TV is on. Reports from other Arab countries 
documented a similar trend in eating habits. Yasin (1998) found that 31% of men and 
54% of women in Egypt have lunch while watching TV and that the proportions of 
those practicing this habit were even higher at dinner-time (72% in men and 85% in 
women). Our data showed that having meals while watching TV had a significant and 
positive effect on BMI. Girls who frequently took their meals in front of the TV were 
twice as likely to be obese than those who seldom did so. In boys no such significant 
association was found. It has been postulated that the direct association between TV and 
overweight in children and adolescents may be mediated by excessive energy 
consumption while viewing TV (Dietz & Gortmaker, 1985; Gortmaker et al., 1996). 
Although it is difficult, in a cross-sectional study, to hypothesise about the sequence of 
events involved in the causal pathway of the TV-overweight relationship, our results are 
in support of the hypothesis that TV viewing encourages increased caloric intake, which 
in turn can, over time, lead to weight gain. 
Our data showed that eating when upset, angry or in negative mood 
(distress cating) 
was a significant and independent contributing factor to obesity 
in adolescent girls, but 
not in boys. Girls who frequently ate while upset or angry were 
3 to 7 times more ljkelý, 
to be obese than those who rarely demonstrated this 
behaviour. These findings N%'ere 
consistent with those of Rasheed (1998) who, in a case control study on 
Saudi women, 
observed a significantly greater tendency among obese 
females to eat under emotional 
conditions of stress and anger and indulge in binge eating. 
Obesity and "'selr' concept 
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have been shown to be associated with dieting (Field et al., 1993) and eating disorders 
(Vila et al., 1995) in adolescent girls. It has been suggested that psychological distress 
suppresses eating in unrestrained eaters (non-dieters) but increases eating in restrained 
eaters (dieters) (Oliver & Wardle, 1999; Wardle et al., 2000). The finding that distress 
eating was significantly associated with obesity among the girls of this study suggests 
that obese girls may practice restrained eating behaviour (dieting), which in turn makes 
them more prone to distress-induced overeating. This is consistent with our obsen-ation 
that 83% of the obese girls reported previous attempts to lose weight compared to only 
49% in the non-obese group (P--0.000). However, since information regarding methods 
used to lose weight was not collected, it is difficult to speculate about the dieting 
behaviour of Bahraini girls. 
6.2.3 Physical activity behaviours 
Physical inactivity and sedentary living are becoming increasingly prevalent and have 
been suggested as important factors contributing to the global increase in rates of 
obesity in many countries (WHO, 2000). In children and adolescents, maintaining an 
optimal level of physical activity is particularly important, as it not only reduces risk of 
overweight but also improves body composition and growth pattern (Deheeger et al., 
1997). Among behaviours related to physical activity examined in this study, to 
determine whether they were associated with risk of obesity in the adolescents, are 
walking/cycling to school, playing sport outside school, participation in school PE and 
the amount of time spent watching TV and in other sedentary activities. 
The results showed a strong association between physical activity behaviours and 
obesity in Bahraini adolescents. Boys who walked or cycled to school had a 
significantly lower risk of obesity than those who travelled to school by other means. 
In 
girls, however, although a similar trend was observed, the association was not 
statistically significant. The role of physical activity in the development of obesity 
has 
been studied extensively. Results from cross sectional studies 
(Wolf et al., 1993; 
McMurray et aL, 2000; Hernandez el al., 1999) and 
from longitudinal studies (Kemper 
et aL, 1999; Berkey et al., 2000) on children and adolescents support 
the existence of a 
negative relationship between obesity and physical activity. 
The finding of this study 
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that the vast majority of adolescents rely on motorised transport to travel to school is 
consistent with the low level of physical activity in Bahraini adults (Al-Mahroos & 
McKeigue, 1998). Musaiger and Al -Roomi (1997) found that only 13% of the men and 
8% of the women in Bahrain exercise regularly. In a study investigating factors 
contributing to obesity among adults, Al-Mannai et al. (1996) found that ownership of a 
car was strongly related to increased risk of obesity in Bahraini men and women. The 
rise in the standards of living and advances in technology and transportation have 
affected many aspects of people's life including their physical activity level. Today 
Bahraini people, adults and children alike, have little or no physical activity in their 
daily lives. Walking to school, workplace or to shops has become increasingly rare and 
people often use their cars even for the shortest distances. Facilitating this trend is the 
hot humid climate of the Gulf Region, which makes walking very difficult, especially in 
the summer months. 
The results of the present study revealed a significant and negative relationship between 
playing sport outside school and risk of obesity in the teenagers. The relationship 
persisted after controlling for many of the recognised variables that affect the 
prevalence of obesity among the Bahraini adolescents. Playing sport after school hours 
was associated with a 60% and 70% reduction in the risk of developing obesity in the 
boys and girls, respectively. These observations were consistent with the results of 
Zaghloul et al. (1984) who compared the physical activity level of obese and non-obese 
Bahraini female adolescents and found that obese girls were significantly less active 
than non-obese girls. Similar findings were reported in school children in UAE (Moussa 
et al., 1994b). The data revealed that a considerable proportion of Bahraini teenagers 
(44% of boys and 71% of girls) do not practise any kind of physical activity outside 
school. A study, in which barriers to practising exercise and sport in Bahraini women 
was investigated, showed that 79% of the females studied perceived lack of facilities 
and special clubs for women to be the main reasons for not indulging in physical 
exercise (Al-Arner, 1996). Our finding that playing sport outside school 
had a 
protective effect against obesity, emphasises the importance of encouraging adolescents 
to exercise during leisure time by providing and improving access to sport 
facilities 
such as local clubs and community recreational centres. This 
is particularly important 
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for girls, as fewer opportunities may exist for them to participate in organ'sed sport and 
competitive games, or engage in physical activities through outdoor playing, than boys. 
The observation that Bahraini boys had a higher level of participation in sport than girls 
was in line with the gender differences in levels of physical activity reported in the 
literature (Gordon-Larsen et A, 1999; Taylor & Sallis, 1997). Greater physical activitv 
participation in boys may be related to differential development of motor skills and 
differences in body composition associated with biological maturation (Kohl & Hobbs, 
1998), as well as psychosocial factors (Craig et aL, 1996). 
Participation in the school physical education programme showed no signIficant 
association with obesity in the adolescents. However, studies on adolescents from other 
countries have shown that participation in school PE was associated with a significant 
improvement in the physical activity level (Gordon-Larsen et al., 2000; Luepker et al., 
1996) and BMI (Lionis et al., 1991) among students. The lack of association between 
participation in PE classes and weight status in Bahraini adolescents appears to be due 
to low variability in the students' responses, as participation in school PE classes is 
compulsory, especially for students in the intermediate level. These findings suggest 
that PE classes may represent the only opportunity available for girls to engage in 
regular physical activity. Unfortunately school PE programmes in Bahrain suffer from 
major weaknesses, both in terms of the amount of allocated PE time as well as the 
quality of the programme offered. A study conducted on adolescent school boys in 
Saudi Arabia, which has a similar PE system, and in which heart rate monitoring was 
used during PE lessons showed that the actual time of PE was 32 minutes and that the 
mean time spent in moderately intense activity was 12.6 minutes (Al-Hazzaa & 
Almuzaini, 1999). 
It has been suggested that the rise in rates of overweight among children and 
adolescents observed in some developed countries may be due to physical inacti%, ity and 
that this is likely to be a more important contributing factor than increased levels of 
energy intake (Troiano el al., 2000; Guillaume et al., 1998). One of the rnost prevalent 
inactivity behaviours that have been linked to childhood obesity is TV viewing. Several 
investigators have found that duration and frequency of TV watching was directly 
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related to obesity in children and adolescents (Dietz & Gortmaker, 1985: Andersen et 
al., 1998; Robinson, 1999). The results of this study showed that hours of T\' watching 
were positively related to risk of obesity among Bahraini boys. The weak relationship 
observed in girls may be due to errors in self-reports of television vieNving time. Boys 
who watched TV for more than 3 hours per day were three times more likely to be 
obese than those watching for less than 2 hours a day. However, after controllIng for 
other variables in the multivariate model, the relationship between TV Niewing and 
boys' BMI status disappeared, suggesting that the observed association was due to some 
other confounding variables. TV viewing is a major recreational activity in the Gulf 
region (Musaiger & Al-Roorni, 1997). Earlier studies have demonstrated the existence 
of a significant direct relationship between frequency of TV viewing and BMI status in 
Bahraini adults (Musaiger et al., 2000b; Musaiger & Al-Mannai, 2000) and in young 
adults from the United Arab Emirates (Al-Neyadi, 1995). 
The analysis of risk of obesity in relation to time dedicated to sedentary activities other 
than TV viewing (i. e., doing homework, reading and playing video and computer 
games) showed no significant relationship with obesity in Bahraini adolescents. This 
was in agreement with the results of Hernandez et al. (1999) who found that hours of 
TV viewing, but not that of VCR or videogames use, was significantly associated with 
obesity in Mexican children. Unlike other forms of sedentary activities, TV viewing 
may promote greater energy intake. This can occur as a result of eating food during 
viewing as well as through being exposed to TV food commercials (Gortmaker et al., 
1996). The finding of this study that obesity in boys was associated with hours of TV 
viewing but not with hours spent doing homework or playing video/computer games 
suggest that increased energy intake may be the mechanism via which TV viewing can 
influence the weight status of Bahraini adolescents. Musalger (2000a) found that more 
than half of the secondary school girls in the United Arab Emirates frequently cat while 
watching TV, 41% sometimes and only 6% reported no intake of food while watching 
TV. The main types of food eaten in these occasions were chocolates, sweets, potato 
chips, nuts and carbonated beverages. It is possible that a similar pattern of eating 
behaviour exists in Bahraini adolescents. 
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It has been suggested that increasing physical activity of children and adolescents 
provides a better route to reducing rates of overweight and obesity in this age group 
than decreasing energy intake. This is largely because of the multiple beneficial effects 
of physical activity, which include body weight regulation, improved growth and body 
composition, as well as psychological well-being (Goran et al., 1999). In addition, 
physical activity in childhood is most likely to serve as a basis for future physically 
active life. The International Consensus Conference on Physical Activity Guidelines 
for Adolescents recommends that "all adolescents should be physically active daily or 
nearly every day as part of play, games, sport, work, transportation, recreation, physical 
education or planned exercise, in the context of family, school and community 
activities" (Sallis & Patrick, 1994). The National Institute of Health Consensus 
Conference (NIH, 1996) has also issued a recommendation statement that " Children 
and adults alike should set a goal of accumulating at least 30 minutes of moderate- 
intensity physical activity on most and preferably all days of the week". 
6.2.4 Perinatal factors 
Prenatal life and early postnatal life are important stages of growth and development. It 
has been suggested that nutritional alterations at this critical period can predispose 
individuals to obesity later in life (Dietz, 1997), while optimal nutrition, as represented 
by breastfeeding, can confer protection against overweight during childhood and 
adolescence (Martorell et al., 2001). This study has attempted to investigate whether 
early nutrition, assessed by birthweight and breastfeeding, was associated with a risk of 
obesity in Bahraini adolescents. The results showed no significant association between 
birthweight or breastfeeding and risk of obesity in the adolescents. Previous work has, 
however, indicated that low birthweight is a significant predicator of subsequent 
obesity, although this does not appear to be a consistent finding (see section 3.6-5. ). 
Inconsistencies in the association between birthweight and later fatness may reflect 
differences in the genetic predisposition to obesity among various ethnic groups or may 
be due to differences in methodology used. Recently, Stettler et al. (2000) examined 
risk factors present at birth for increased adiposity in adult African Americans and 
found no significant association between birthweight for gestational age and obesity, 
after adjusting for matemal pre-pregnancy BMI and other factors. 
Similarly, Fnsancho 
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(2000) failed to find a significant association between birthweight and adiposity in 
adolescents and concluded that parental obesity may be a more important factor 
influencing obesity at this age. The lack of significant association between birthweight 
and obesity in the present study appears to be the result of inadequate variability in 
birthweight. As was observed by Dietz (2000), most of the studies that were successful 
in detecting a significant difference in the risk of obesity have used either low 
birthweight (<2500 g) or high birthweight (>4000 g) to contrast birthweight categories. 
In this study, however, we have compared obese and non-obese adolescents with 
birthweight:! ý 3000 g with those whose birthweight >3000 g. This was mainly because 
of the low number of subjects at extreme ends of the birthweight distribution. Only 16 
subjects (7.7%) had birth weight below 2500g and 8 subjects (3.8%) had birth weight > 
4000g. Such a narrow range of data, along with a relatively low sample size, may have 
resulted in loss of power and consequently a weak birthweight-obesity relationship. 
Nevertheless, the data revealed a tendency for obese adolescents to have greater 
birthweight than the non-obese group (OR=1.49,95% CI=0.83-2.69), suggesting that 
high birthweight may still be an important factor contributing to the risk of obesity in 
Bahraini adolescents. Unlike many studies that have relied on self-reported birthweight 
or birthweight reported by the mother, we have verified reported birthweight against 
hospital discharge cards/records, which gives some confidence in the trend of 
association observed, even though it did not reach statistical significance (P--0.150). To 
our knowledge, this is the first study that has attempted to examine the association 
between birthweight and obesity in Bahrain. If this study were to be repeated with a 
larger sample, it is possible that a significant effect may be uncovered. 
In addition to its multiple benefits in relation to infant's health, growth and 
development, breastfeeding has recently been suggested to have a protective effect 
against the development of overweight and obesity in young children (von Kries et al., 
1999) and in adolescents (Tulldahl et al., 1999; Elliott et al., 1997). The results of this 
study showed no significant relationship between breastfeeding and obesity in the 
adolescents (OR=0.62,95% CI=0.34 -1.11). This was in agreement with the 
findings 
of Hediger et aL (2001) who could not detect a clear effect of breastfeeding on the risk 
of being overweight in 3-5 year old children. However, another study in which the same 
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relationship was investigated, but in 9-14 years old children, showed that children who 
were predominantly breastfed during the first six months of life had a significantly 
lower risk of overweight than those who were predominantly formula fed (Gillman ct 
al., 2001). One difference between this study and the present study, which may account 
for such a discrepancy in results, is the system used in categorizing breastfeeding. While 
Gillman and colleagues compared children who were mostly or exclusively fed breast 
milk with those who were exclusively or mostly fed formula during the first six months 
of life, the present study compared obese and non-obese subjects for whether or not theý' 
were exclusively fed breast milk (i. e. breast milk was the only liquid diet given) during 
the same period. Because in this study subjects who were exclusively bottle-fed and 
subjects who were partially breastfed (i. e. received both breast milk and fon-nula) Nvere 
combined into one group, which was then contrasted with the exclusively breastfed 
group, it is possible that those adolescents who were partially breastfed were niore 
exposed to breast milk than to formula, which in turn may have reduced their risk of 
obesity and consequently diluted the overall effect of breastfeeding on weight status. 
Another difference between the two studies is the size of sample included. While in the 
present study the relationship was investigated in a sample of 211 adolescents, the large 
sample size included in Gillman et al's study (> 15,000 children) certainly helped to 
define the effects observed in a more precise manner. 
The present study revealed a negative, albeit weak, association between breastfeeding 
and obesity among Bahraini adolescents, with breastfeeding being less prevalent among 
the obese group (51%) than in non obese (63%) (P--0.083). This, and the fact that this 
is, as far as is known, the first study that has attempted to investigate the association 
between obesity and breastfeeding in Bahrain and possibly in the Gulf region as well, 
highlight the importance of conducting further studies that include a large sample of 
children and adolescents, as well as other factors that have been shown to 
influence 
feeding patterns during infancy, such as duration of breast feeding and weaning age 
(time of introduction of complementary feeds), in order to determine whether the 
protective effects of breastfeeding reported in some developed countries may extend 
to 
countries in the Middle East, such as Bahrain. 
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6.2.5 Obesity in parents and other relatives 
The results of the present study indicate the existence of a strong association bet, %%, een 
parental BMI and risk of obesity in adolescents. In the ftilly-adjusted multivariate 
regression model, obese adolescents were 2.6 times more likely to haN. e one obese 
parent and 5.2 times more likely to have both parents who were obese compared to the 
non-obese. These results are in good agreement with that reported in Bahraini 15 to 21 
year-olds (Musaiger et al., 1993) as well as with those reported in children and 
adolescents from other countries (Maffeis et al., 1998; Maffeis et al., 1994; Moussa et 
al., 1994b). Obesity when present in parents not only influences the BMI of the children 
but also increases their risk of later obesity (Frisancho, 2000; Burke et al., 2001: 
Whitaker et al., 1997). Familial resemblance in body weight could be due to genetic 
factors as well as environmental factors, since parents provide both the genetic 
predisposition and the environment where such predisposition can manifest itself Thus 
the significant association observed in the present study between adolescents' obesity 
and their parents' BMI status might have resulted from shared genes or from shared 
environmental factors. Family studies that have attempted to quantify the relative 
contribution of genetic and non-shared environmental factors to the familial 
resemblance in body weight, showed that the maximal heritability of obesity ranges 
from 30 to 50% (Bouchard et al., 1998). Studies of twins (Stunkard et al., 1990; 
Bodurtha et al., 1990) and adopted children (Stunkard et al., 1986; Sorensen et al., 
1992) also support a role for genetic factors in the development of obesity. In this study 
some evidence of a genetic influence was found that might account for similarities in 
familial obesity. The estimated father-child BMI correlation (0.21) and mother-child 
BMI correlation (0.38) were significant and comparable to those reported in the 
literature: r =0.20-0.37 (Fogelholm et al., 1999) and r =0.29-0.44 (Treuth et al., 2001). 
In agreement with other studies (Williams, 2001; Whitaker et al., 1997), we found that 
matemal obesity had a stronger influence on the child's BMI than the fathers' obesity. 
This is not likely to be due to reporting errors, since BMI data for all the mothers and 
almost all the fathers (96.1 %) were based on measured heights and weights, suggesting 
that maternal factors exert a considerable influence on the heritability of obcsity in 
Bahrain. The BMI heritability index calculated using the Risch's lambda valuc (4), 
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defined as the risk of being obese, given that one's relatives are also obese, compared to 
the population prevalence of obesity, in this study was 1.88 for the mother-off p ng S ri 
pairs and 1.42 for the father-offspring pairs. These values were lower than those 
reported for the mother and child pairs (2-61) and for father and child pairs (2-80) of the 
United States national survey (NHANES-11), but were similar to those calculated for 
East Indian parent and offspring pairs (1.60) (Allison et al., 1996). Variations in 
heritability estimates may be related to differences in genetic and ethnic factors, as well 
as differences in sample size and age range of subjects. 
The present study revealed a strong association between obesity in adolescents and the 
reported presence of obesity among relatives. Obese adolescents were nearly 3.7,2.2 
and 2 times more likely to have an obese sibling, grandparent and uncle or aunt, 
respectively, than the non-obese. These results further confinn the familial aggregation 
of overweight and obesity (Guillaume et al., 1995; Maffeis et al., 1994) and suggest that 
genetic factors may contribute to the observed trend of familial clustering of obesity in 
Bahrain. The genes responsible for the development of obesity have been the subject of 
intensive research during recent years and a variety of single gene mutations that can 
lead to obesity have been identified in animals and in humans (Perusse & Bouchard, 
1999). However, current evidence suggests that the faulty genes in human obesity is a 
rare phenomenon and that obesity is most likely to be a polygenic condition, which may 
be affected by various environmental influences (Guillaume & Bjorntorp, 1996). 
Parental history of cardiovascular diseases is an important surrogate measure of 
cardiovascular risk in offspring. Boa et al. (1995) found that children and young adults 
with a positive history of parental heart attack, diabetes or hypertension were 
significantly overweight, irrespective of age, and had elevated levels of glucose, insulin, 
total cholesterol and LDL-C, as well as high blood pressure. Our findings (from both 
the cross-sectional and the case control study) indicated that a parental history of 
diabetes was a strong and independent predictor of nsk of obesity among the 
adolescents; obese adolescents were 4.8 times and 3.6 times more likely to 
have diabetic 
mothers and fathers, respectively, than the non-obese. These results are consistent with 
those of Srinivasan et A (1996) who found that the nsk of becoming an overweight 
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adult was significantly higher among adolescents with a positive parental histon, of 
diabetes. Diabetes is a significant health problem in Bahrain, accounting for about 4% 
of the total deaths in the kingdom (MOH, 1998). The prevalence of diabetes among the 
Bahraini adult population is 30% (Al-Mahroos & McKeigue, 1998). Parental history of 
heart disease or hypertension showed no significant correlation with the risk of being 
obese among adolescent subjects. The reason for this is not clear but the multi-factonal 
nature of these diseases might have obscured the association. However, previous studies 
showed that both diabetes and hypertension were significantly related to obesity among 
Bahraini adults (Musaiger et al., 2000b; Musaiger & Al-Mannai, 2000). Given the 
familial aggregation of obesity observed in the present study and the importance of 
parental history as an independent predictor of obesity in this adolescent population, 
prevention strategies should be planned with particular attention to the subgroup of 
families with one or both parents with a history of diabetes and/or obesity. 
6.2.6 Factors related to the family environment 
Familial similarities in eating habits and physical activity may be responsible, in part, 
for familial patterns of adiposity, and parents may play a significant role In determining 
the type of environment within the family in relation to obesity among the children 
(Birch & Davison, 2001). Such parental influence may be exerted through the mother's 
and father's own eating and lifestyle behaviours and their parenting practices, as well as 
through controlling the availability and ease of access to food in the house. The results 
of the study showed that obesity in the adolescents was strongly and positively 
associated with maternal inactivity behaviours. Compared to controls, obese boys and 
girls were more than twice as likely to be the off-spring of mothers who did not 
exercise, watched TV for more than 16 hours a week and had a domestic helper, than 
the non-obese. These results are consistent with the hypothesis that parents' lifestyle is 
an important factor influencing the child's weight status (Birch & Davison, 
2001). 
Resemblance between parents and their children in the pattern of physical activity and 
inactivity is well documented (Sallis et al., 1988a; Sallis et al., 1988b). 
Fogelholm et al. 
(1999) found that inactivity in parents was a strong and positive predictor of children's 
inactivity level. Moore et al. (1991) found that children aged 4-7 years were more 
likely 
to be active if the mother (OR=2.0) or the father (OR=3.5) was active, and 
that . %-hen 
219 
I- 
Chapter 11- Discussion 
both parents were active the odds ratio was considerably higher (OR= 5-8). Parents may 
influence the physical activity behaviours of their adolescent offspring by serving as a 
role model, as well as by providing encouragement and support (Lau et al.. 1990). 
Recent evidence from family and twin studies indicates that physical activity behaviour 
is also heritable (Beunen & Thomis, 1999). 
It is not likely that the relationships observed in the present study between the mother's 
lifestyle variables and obesity in the children were due to the mother's obesity or some 
other confounding variable, since controlling for maternal BMI status and level of 
education failed to alter these associations. Because of the case control design of the 
study, it is not possible to be sure that maternal inactivity behaviour predated the obesity 
problem in these teenagers and therefore might be causally related. However, when 
taken together with other findings, especially familial clustering of obesity and the 
negative relationship seen in the cross-sectional study between physical activity 
behaviour and adolescents' BMI, the observed association between mothers' inactivity 
and adolescents' obesity suggests that exposure to a family environment which is 
characterized by a sedentary lifestyle among parents may have favoured the expression 
of obesity in the Bahraini adolescents. One limitation of the study is that it did not 
include comparison of parent-child physical activity behaviours, which would have 
provided a better insight of the parents' influence on their children's weight status. 
Further research is needed to determine whether parental physical activity and inactivity 
behaviour is an important modifiable factor of risk for obesity among adolescents in 
Bahrain. 
Several studies have shown that mothers' child-feeding strategies have a significant 
impact on children's eating style and weight outcome (Birch & Fisher, 1998). Johnson 
and Birch (1994) found that mothers who were highly controlling of their children's 
eating often had children who demonstrated less ability to self-regulate their food 
intake. Greater maternal use of restriction of palatable foods and pressure to eat have 
also been shown to be related to higher energy intake and BMI in the daughters (Birch 
& Fisher, 2000; Lee et aL, 2001). In contrast, the findings of the present study showed 
that the mother's degree of control over the child's eating was strongly and indirectly 
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related to a risk of obesity in the Bahraini adolescents, independent of the mother's 
education or obesity status. Obese adolescents were less likely to be the children of 
mothers who exercised a high level of control over their children's eating (such as using 
food as means of reward (OR=0.45,95%Cl= 0.22-0-93) or controlling child's intake of 
sweets and snacks (OR=0.32,95%CI=0.17-0.62)). The case-control design of the 
present study does not allow the causal direction of the relationship observed between 
adolescents' obesity and parenting style to be ascertained. Nevertheless, it seems likely 
that the negative association documented here between parental control and adolescents' 
obesity reflects a consequence rather than a cause of obesity in these teenagers (i. e. 
because adolescents are already obese, mothers have less need to practise a high level of 
control to increase their eating). A mother's parenting style is in part a response to the 
child's weight status. Thus mothers of thinner children may practise child-feeding 
strategies that would encourage the child to eat more (such as use of food as rewards) 
whereas mothers of heavier children may resort to restricting a child's access to calorie- 
dense snacks, or verbally discourage the child's eating of these foods. Other findings 
from this study provide support for this view. Obese adolescents were more likely to be 
the children of mothers who would discourage (OR=2.39, Cl 1.12-5.13), but less likely 
to have mothers who would encourage (OR=0.50, CI=0.24-1.06) them to eat certain 
foods than the non-obese. Obese teenagers also had a significantly higher likelihood 
(OR=3.94,95%CI= 2.02- 7.71) of being the children of mothers who would frequently 
prompt them to exercise. 
The fact that this study was conducted on adolescents, whereas almost all of the 
previous studies that have examined mother-child feeding practices have focused on 
young children between 3-5 years of age, may account for the apparent discrepancy in 
findings between this study and previous work. Infancy is the period during which food 
preferences and eating style are known to develop, and parents, through their own 
eating behaviour (modelling) and through their child-feeding techniques, can play an 
important role in determining children's eating behaviours (Birch & Fisher, 1998). 
However, as children become older, such a role may become less important (Shepherd 
& Dennison, 1996). Khan (1981) reported that social and external considerations, 
particularly friends, become increasingly significant influences on eating habits with the 
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transition through adolescence. Our findings that parental control over children's eating 
was inversely associated with obesity in adolescents, are consistent with the results of 
Spruijt-Metz et al. (2002), who investigated the same relationship in older children (7- 
14 years of age). Thus it seems likely that age as well as the perceived weight status of 
the child may be significant factors influencing the way parents treat their children, and 
that the association between parenting style and risk of obesity previously obser%, ed in 
preschool children may not extend to older children and adolescents. 
One limitation of this study is that the hypothesis linking parental influence on child's 
eating to a child's weight status was not adequately tested on the adolescents. Many of 
the variables used to assess parental degree of control over children's eating were 
adapted from similar items in questionnaires that primarily targeted small children, and 
therefore they may not be relevant to use on adolescents. 
In conclusion, the findings suggest that, among 12 to 17-year-old Bahraini adolescents, 
mothers' child-feeding strategies are largely a reflection of the adolescent's current 
weight status. It is possible, however, that parenting style may exert a different 
influence on younger children in Bahrain. 
Increased availability and easy access to high-energy food has been suggested as one 
possible way by which the current environment can promote obesity (Hill & Peters, 
1998). The results of this study showed no significant association between availability 
and accessibility of calorie-dense snacks in the home and the risk of obesity in the 
adolescents. Similarly the frequency of availability of fruits in the house was not related 
to the BMI status of these teenagers. Previous studies on young children, however, have 
demonstrated a significant association between availability and accessibility of foods 
and children's food intake. Cullen et al. (2001) found that food availability was 
positively associated with fruit and vegetable preferences and intake in school children. 
Restricting young children's access to energy-dense foods has been shown to enhance 
children's desire for these foods, as well as over-consumption (Fisher & Birch, 1999). 
Our inability to detect a significant association between the availability and accessibility 
of snacks and obesity in adolescent may be explained, in part, by obese teenagers 
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obtaining and eating snacks outside the home. This argument is supported bý- the 
finding that obese adolescents had a significantly greater likelihood (OR=3.30,950'o 
CI=1.82-6.07) of buying their own snacks than the non-obese. Adolescence is a period 
which is characterised by a greater freedom over what food to eat, where and with 
whom, and several factors including age and sex, beliefs and mood, as -N-ell as famik, 
income, appear to influence food choice at this age (Shepherd & Dennison, 1996). 
Further research is needed to determine whether home availability and ease of access to 
high fat and high calorie foods is a significant family environmental factor contributing 
to adolescent obesity in Bahrain. 
6.3 BLOOD PRESSURE AND OBESITY 
One of the aims of the present study was to investigate the association between obesity 
and the risk of elevated blood pressure in adolescents in Bahrain. Although the 
relationship between BMI and BP has been extensively studied, as far as is known, this 
was the first study to examine this relationship in Bahraini adolescents. 
The results of this study demonstrated age and sex differences in the blood pressure of 
adolescents. As was previously reported (Leccia et al., 1999; Okasha et al., 2000), 
gender differences were marked for SBP, with boys having higher values than girls, but 
not for DBP. The finding that the correlation between age and SBP was greater in boys 
(r--0.44, P<0.001) than in girls (r--0.21, P--0.001) appears to be due to gender-related 
differences in the pattern of growth and increase in height with age. The study revealed 
several anthropometric variables that were significantly correlated with systolic blood 
pressure in the adolescents, including height, weight, BMI, percent body fat, FM, WC 
and WHR. Because of the difficulty in separating the effects of these anthropometnc 
variables on SBP, since they are highly correlated with each other, an attempt has been 
made to evaluate the independent influence of these variables by multiple stepwise 
regression analysis, which was done on those variables that showed the strongest 
correlation with SBP, or have been previously shown to be important in explaining 
variations in SBP in adolescents. The close relationship between increased body weight 
and elevated blood pressure have been described in both adults (Berkey et al., 1998) and 
children and adolescents (Horswill & Zipf, 1991; Wilson et al., 1985). The findings of 
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the present study indicated that weight and height in boys, and weight in girls, were the 
most important predictors of systolic blood pressure in Bahraini adolescents. The 
observation that in boys, age and body size account for a greater proportion of SBP 
variations than percent body fat, was consistent with previous work (Leccia el al., 1999; 
Stallones et al., 1982), and suggests that body composition components other than body 
fat (such as muscle and bone mass) may be involved in mediating the relationship 
between blood pressure and body mass. STR, a widely used indicator of fat patterning, 
has been shown to be associated with the occurrence of hypertension in adults (Gilluni 
et al., 1998). However, no significant association was found between STR and SBP, 
suggesting that STR may not be a useful indicator of fat distribution in this age group. 
Similar results were reported in US adolescents (Stallones et al., 1982). 
The adverse impact of childhood and adolescent obesity on blood pressure and other 
CVD risk factors is well known (Srinivasan et al., 1996; Freedman et al., 1999a). The 
results of this study showed that obese adolescents had a significantly higher systolic 
and diastolic blood pressure than the non-obese, confirming previous observations that 
greater BMI in adolescence is associated with raised BP (Berkey et al., 1998; Wilson et 
al., 1985; Moussa et al., 1994a). In addition to correlations and linear regression 
coefficients, odds ratio was used to examine the relationship between adolescents' 
obesity and blood pressure. The blood pressure status of the adolescents was defined 
according to the recommendations of the "0 Expert Committee of Hypertension 
Control ("0,1994), which were based on the sex and age specific guidelines of the 
Second Task Force of Blood Pressure Control in Children (Task Force on Blood 
Pressure Control in Children, 1987). Using standard sex and age-specific BMI cut-off 
points, it was found that obese adolescents had a substantially greater nsk of having 
high blood pressure; obese boys and girls were 3.8 and 11 times more likely to have 
elevated blood pressure than the non-obese, respectively. These odd ratios were 
Comparable to those reported by Freedman et al. (1999a) among 5 to 17-year-old 
children of the Bogalusa Heart Study (OR= 4.5,95% CI=3.6-5.8). The nsk of having 
elevated blood pressure also increased with increasing levels of percent body 
fat. Thesc 
findings were in accordance with the results of earlier studies in which increased triceps 
skinfold (Gortmaker et al., 1987) or excess percent body fat (Williams et al., 
1992) 
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were used to examine the relationship between blood pressure and adiposity in children 
and adolescents. 
Unless extremely elevated, blood pressure levels in children and adolescents do not 
appear to be related to disease outcomes. However, available data indicate a role for 
high blood pressure and obesity at this age in increasing risk of CVD in adulthood 
(Lauer & Clarke, 1989). Must et al. (1992) found that being overweight in adolescence 
was associated with an increased risk of morbidity from coronary heart disease and 
atherosclerosis in adulthood, independent of adult obesity. The effects of obesity in 
adolescence on adult morbidity and mortality may be related to the accumulation of 
intra-abdominal fat that occurs around the time of puberty. Studies on children and 
adolescents showed that increased central body fatness was significantly associated with 
a variety of metabolic and cardiovascular abnormalities that cluster with obesity, 
including elevated blood pressure, and lipoprotein profile disturbances (Gillum, 1999; 
Daniels et al., 1999). Caprio et al. (1996) found that visceral fat, assessed using MRI, 
was significantly associated with basal insulin, triglycerides and HDL-cholesterol in 
obese adolescent girls. Although these studies and many others have linked regional fat 
distribution to CVD risk factors in children and adolescentsl controversy still exists 
regarding the best anthropometric indicator of central obesity in this age group. 
Relaying on skinfold thickness to distinguish central from peripheral adiposity, Shear et 
al. (1987) showed that centrally located body fat (measured by subscapular skinfold) 
was strongly and directly related to SBP in children and young adults and that such a 
relationship was independent of peripheral fat (as measured by triceps skinfold). In a 
case control study on 6 to 17 year old school children from the United Arab Emirates, 
Moussa et al. (1994a) found that BMI, but not WHR, was associated with blood 
pressure and concluded that WHR may not be a reliable indicator of body fat patterning 
in this group of children. In contrast, Lurbe et al. (2001) found that excess accumulation 
of fat in the abdominal region in children and adolescents, quantified using WHR or 
WC, was positively related to the average of 24 hr SBP monitoring, independent of 
weight, height, sex and age. The use of WC rather than WHR for estimating central 
obesity has been emphasised in recent years. The WC can express abdominal fat 
accumulation better than the WHR does (Taylor et al., 2000). This may be because in 
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growing children the hip circumference may reflect changes In bones and muscles more 
than changes in fat. The present study's finding that WC in both boys and girls, and 
WHR in girls only, were significantly and positively associated with the risk of having 
high blood pressure, supports the concept that fat distribution is related to 
cardiovascular risks, of which elevated blood pressure is an important factor. in 
adolescents. The age-adjusted odds ratios showed that boys and girls in the uppermost 
tertile of WC were 6 and 7 times, respectively, more likely to have high blood pressure 
than those in the lowest tertiles of this measurement. These results, and the observation 
that among anthropometric indicators of body fat distribution, WC showed the strongest 
correlation with SBP, suggest that, as in adults (Pouliot et al., 1994), WC may serN, e as a 
good index of central (abdominal) obesity in adolescents. This is particularly important 
in epidemiological studies, given the ease with which this measurement can be 
obtained. 
The mechanism by which central fat deposition influences blood pressure in adolescents 
appears to be through changes in insulin sensitivity and its compensatory 
hyperinsulinemia. Increased insulin secretion has been shown to be present in 
adolescent obesity and to be related to the amount of intra-abdominal fat (Caprio & 
Tamborlane, 1999). Excessive insulin secretion leads to sodium and water retention and 
stimulation of sympathetic activity, which may in turn lead to hypertension. 
The beneficial effects of physical exercise on blood pressure are well recognised 
(Halbert et al., 1997). Despite the crude measure of physical activity behaviours used in 
this study, the adjusted odds ratios showed that adolescents who demonstrated an active 
lifestyle, such as frequent participation in sport outside school (OR=0.49,95%CI=0.28, 
0.86) or walking/cycling to school (OR=0.35,95%CI=0.13,0.91), had a significantly 
diminished risk of developing high blood pressure. These results are in accordance with 
the study of Kawabe et al. (2000) who showed that belonging to sports club was 
significantly associated with low diastolic blood pressure, decreased adiposity and 
healthier lipid profile in Japanese adolescent males. Wilson el al. (1985) reported that 
girls with elevated blood pressure were significantly less fit and 
had increased heart rate 
(at rest and during exercise) and obesity. The observed relationship 
between physical 
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activity behaviour and blood pressure status in the present study appears to be 
confounded by BMI, since the significant associations were lost when the BMI was 
entered into the logistic regression model. However, a prior study in which this 
association was examined in a large cohort of college students in Scotland showed that 
insufficient outdoor exercise was significantly associated with higher BP levels, 
independent of BMI (Okasha et al., 2000). It has been suggested that the effect of 
physical inactivity on cardiovascular risk factors may be mediated in part by an 
influence of physical inactivity on intra-abdominal fat (Hunter et al., 1996). In adults, 
physical inactivity has been shown to be associated with excess visceral fatness 
(Bjorntorp, 1992). Despers et al. (1991) found that aerobic exercise resulted in a 
significant reduction of intra-abdominal adipose tissue, and plasma cholesterol and 
LDL-C levels in women. An intervention study on obese 7 to II year-old-girls showed 
that a 4-month aerobic training program resulted in a significant reduction of 
subcutaneous abdominal fat and that the increase in visceral abdominal fat was 
significantly less in the exercise group than in the control group which received no 
exercise, suggesting that physical training may have a slowing effect on the 
accumulation of visceral fat in obese children (Owens et al., 1999). 
One limitation of the study is that BP reading was recorded as the average of two 
measurements, which were taken after 5 minutes rest, but on one occasion only. Thus 
the possibility of errors that may have occurred in classifying adolescents as having 
high blood pressure, or normal blood pressure cannot be ruled out. However, the 
purpose of using blood pressure categories in the analysis was to obtain a general idea 
about the prevalence of elevated BP in the adolescent participants and its association 
with obesity, rather than to diagnose the presence of hypertension among them. In 
addition, treating BP as a dichotomous variable allowed the estimation of risk, using 
odds ratios, which are easier to interpret than regression coefficients. 
The recognition of obesity (whether assessed by BMI, percent body fat, WC or WHR) 
in the present study as an important modifiable factor associated with risk of elevated 
blood pressure among Bahraini adolescents, may help target prevention towards 
high 
risk individuals in this age group. This is especially important in the light of evidence 
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linking adolescent obesity with metabolic abnormalities and risk of cardiovascular 
diseases in adulthood. 
6.4 PERCEPTION OF BODY WEIGHT STATUS 
Perception of/and attitudes to body weight are important underlying psychological 
factors affecting BMI. Overemphasis on thinness can lead to unhealthy dieting practices 
and eating disorders, while underestimation of body weight may increase the risk of the 
development of overweight and obesity. Perception of body shape appears to be highly 
influenced by cultural and social factors. In Western countries, where thinness is 
considered by many to be the ideal or desirable objective, adolescent girls and young 
women feel great pressure to be thin (Wiseman et al., 1992). However, the drive for 
thinness is not universal and preference for an overweight or even obese figure has been 
observed in some cultural groups and societies (WHO, 1989). Studies that have 
examined race/ethnic differences among US adolescent females have consistently 
shown that black girls were less likely to consider themselves as overweight and were 
more satisfied with their body size and shape than white girls (Desmond et al., 1989; 
Kemper et al., 1994; Story et al., 1995). One possible explanation for the increased 
prevalence of obesity in Arab Gulf Countries may be cultural acceptance of overweight 
as the norm. A study from Kuwait showed that more than half of the women 
underestimated their weight, and about 40% reported weights which were in the 
overweight category as being appropriate for them (AI-Hamad, 1999). 
The results of the present study revealed a significant discrepancy between adolescents' 
perceptions of body weight and their BMI-determined weight category. There , %, as a 
tendency for teenagers to underestimate their weight status, which was especially 
noteworthy among the overweight and obese (Table 6.2). These findings are consistent 
with the study of Musaiger et al. (1994b) who found that 30% of female college 
students in the United Arab Emirates underestimated their weight, but N%'ere in 
disagreement with reports from Western countries, which showed that adolescents and 
Young adults were more prone to report themselves to be overweight (Field et al., 1999, 
Sciacca et al., 1991; Pritchard et al., 1997). Bahraini adolescents may not 
be aware of 
their obesity or may not know how much they should weigh. The traditional 
long, wide 
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and comfortable clothes wom by men and women in Bahrain may prevent them from 
noticing the gradual gain of weight (Musaiger, 1987). Although no data are available. it 
can be said that more than three quarters of female school students adhere to the Islamic 
code for clothing in both their school uniform, which consists of a shirt and a long loose 
dress with a head cover, and in their habitual street attire or dress. Male school students 
have, on the other hand, the option to wear either the national dress (a long wide long 
robe) or a shirt and trousers. 
Adolescents who are heavy but do not perceive themselves to be heavy are a cause of 
concern, because they may be less motivated to take steps to lose weight. Although 
obesity is a significant health problem in Bahrain and has been the focus of health 
education programs for a long time, school curricula do not contain inforniation 
regarding what constitutes a healthy weight, nor do they address causes of obesity and 
its consequences (Musaiger, 1990). 
Table 6.2. Summary of adolescents' perceptions of current weight by their actual 
BMI status 
Actual weight status Adolescents' perception of current weight status 
(BMI percentile)* 
Underestimation Correct Overestimation 
Males 
Underweight 52.2 47.8 
Nonnal weight 10.6 83.3 6.1 
Overweight 60.0 40.0 - 
Obese 80.6 19.4 - 
Total 27.6 63.8 8.6 
Females 
Underweight 62.5 37.5 
Nonnal weight 13.0 74.8 12.2 
Overweight 36.6 56.1 7.3 
Obese 76.1 23.9 - 
Total 29.6 60.6 9.7 
' Based on the BMI for age percentile classification of the NHANES-1: underweight <-5th, 
Normal w6ght 2! 5th to , 85th, 
overweight ý., 85th to < 95th, obesity 2ý 95th percentile (Must et al, 1991 ). 
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Adolescents' assessment of self body image may be related to other people's evaluation 
of their (adolescents') body size. Family members and ffiends are known to plaN, an 
important role in communicating social norms to adolescents. The reaction and 
feedback regarding body size that adolescents receive from 'significant others' in their 
social surroundings, such as parents and peers, are likely to influence the adolescents' 
views about their weight. The results of the present study showed that 36% to 450o of 
the adolescents thought that their parents and peers would consider them to be leaner 
than they actually were. The percentage of adolescents who reported parental or peer 
underestimation was higher among those classified as overweight or obese than it was 
among those who were of normal weight. Thus it would appear that there is a greater 
acceptance of larger body size in Bahrain, and that for adolescents, being overweight 
may not be associated with social pressure or negative attitude as is the case in the 
West. This was further supported by the findings from the family environment study, in 
which adolescents' mothers were asked to rate their children's weight. More than one 
third of the obese adolescents' mothers classified their children as non-nal weight, and a 
similar proportion reported being satisfied with their obese children's weight. These 
results were in agreement with the study of Baughcum et al. (2000) on US preschool 
children, who found that nearly 80% of mothers failed to perceive their overweight 
children as overweight. Kertesz et al. (1992) reported that parents in Hungary feel that 
overweight children are more attractive than slim ones., and therefore children are 
encouraged to gain weight. 
When silhouettes were used to obtain information about participants' current and ideal 
body image, a significant difference was observed in how adolescents, perceived their 
current and ideal body shapes. Boys of normal weight reported a preference for a 
heavier body shape, whereas normal weight girls indicated a desire to be thinner. It 
is 
possible that adolescent boys prefer a heavy body shape because they think it is more 
masculine or "macho" than a thinner one. Gender differences in ideal body image may 
reflect differences in how males and females value and perceive their bodies. It has 
been 
suggested that women perceive their body build as a function of weight and 
lower body 
parts, while men perceive theirs as a function of their upper body parts and muscularity 
(Tucker, 1985). 
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The results of the present study showed a widespread feeling of dissatisfaction with 
body weight, especially among girls. More than half the girls reported being dissatisfied 
with their body weight, compared to only one third of the boys. This is consistent with 
previous studies on US young adults (Sciacca et al., 1991) and Spanish adolescents 
(Cuadrado et al., 2000), which showed that females are more likely to feel discontent 
about their figures than males. It was of interest to note that among those classified as 
overweight or obese, about 15% reported having never thought about their weight in 
terms of satisfaction/dissatisfaction, and that some had even indicated a feeling of 
satisfaction with their body weight (21% of the boys and 6% of the girls). Body weight 
dissatisfaction may be a factor that stimulates weight loss activities. Thus the lack of 
concern observed among the heavy adolescents of this study may place them at an 
increased risk of obesity being continued into adulthood, as well as many obesity- 
associated morbidities. 
A preference for the modem western thin body image was observed in the subgroup of 
normal weight adolescents. Among adolescents classified as normal weight, 12% of the 
girls reported themselves to be overweight or obese compared to only 6% of boys. 
Although these figures are much lower than those reported in the West (35-39% in girls 
and 6-11% in boys) (Desmond et al., 1989; Pritchard et al., 1997), they show that 
excessive concern over weight may also exist among Bahraini teenagers, especially 
females. Furthen-nore, despite having normal weight, over one third of these teenagers 
expressed dissatisfaction with their weight status and many reported previous attempts 
to lose weight. It is likely that the Western teenagers' preoccupation with the thin figure 
is passed on to adolescents in this country. Teenage girls who perceive themselves as 
overweight may be more prone to chronic dieting and eating disorders (French et al., 
1997). Whether the excessive concern over weight detected among the normal weight 
girls of this study is suggestive of the presence of eating disorders, the data do not lead 
to such conclusion. 
In summary, this part of the research shows the existence of a distorted body imagc as 
reflected by the failure of many adolescents to correctly perceive overweight and 
obesity. Adolescents also showed evidence of being conscious about their figures as 
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many were dissatisfied with their body weight and reported previous attempts to lose 
weight. Thus it seems reasonable to assume that among Bahraini adolescents, weight- 
related beliefs and attitudes which are at the two ends of the spectrum exist; a tolerance 
of obesity at one end and an exaggerated concern for its occurrence at the other. 
Understanding the way adolescents perceive their own body weight and how theý, feel 
about it could help to better understand factors contributing to the high rates of obesity 
seen in Bahrain. This is also important when designing intervention strategies, which 
are sensitive to population norms and more effective at promoting healthy body weight. 
Thus future studies on adolescents' obesity should take body image perception into 
consideration 
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CHAPTER VII: CONCLUSION AND RECOMMENDATIONS 
7.1 CONCLUSION 
Four important conclusions can be derived from this study: 
Firstly, the prevalence of obesity among male and female 12 to 17 year-old-adoic. "Ccrits 
in Bahrain is 21% and 35%, respectively. Compared to previous SLUACVS, the results of 
the present study show an increase in mean BMI values, indicating a secular trend of 
greater obesity that appears to have occurred in Bahraini adolescents during the 1986- 
2000 period. These findings have important public health iniplications, given the 
association we found between adolescent obesity and elevated blood pressure, and the 
recent evidence linking childhood and adolescent obesity to increased risk of obcsItN, 
and morbidity in adulthood. Therefore programmes to prevent the dc\ clopnient of 
obesity in children and adolescents are high priority. 
Secondly, the results of the study confirmed previous reports about the relationship 
between socio-economic status and risk of obesity in Bahraini children and adults. 
There was a strong and direct relationship between the mother's level of education and 
adolescents' BMI status. 
Thirdly, the present study identified several important and potentially niodit-iable 
factors associated with risk of obesity in Bahraini adolescents. Frequent snackin, -, 
distress eating and maternal physical inactivity were all independent factors associated 
xN-ith an increased risk of obesity. Factors associated xvith a reduced nsk of obesity 
included playing sport outside school, walking or cycling to school and eating n1cals 
x\'ith the family. These factors constitute appropnate targets for interventions and shotild 
be taken into consideration when planning preventive strategies in order to reduce 
obesity Icvels and, the health implications of obesity in children and adolescents. 
Tl Fourthly, the study revealed a strong familial cluster-ing of obcsity in Bahrain. lus 
obesity intcrventions should include selectivc preventivc stratcgies targclin,., childrcTi 
and adolescents with one or both obese parents, since they are the POPLIlatioTi SLIh'- 
Nvi Itv. ith a particularly high risk of obes' . 
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qer VII. - Conclusion and Recommendations 
Obesity is a serious and widespread problem in the world. Statistics from deN'eloped and 
many developing countries suggest that the prevalence of childhood and adolescent 
obesity has increased substantially in the last few decades and it is likely that this trend 
will continue (WHO, 2000). 
The demonstration that obesity in children and adolescents often tracks into adulthood 
and that it is associated with a variety of metabolic abnormalities that are critical to 
chronic disease development, make prevention of childhood and adolescent obesity an 
important public health goal. Furthermore, weight loss is difficult to achieve. Research 
on paediatric obesity treatment has documented small reductions in adiposity and a 
substantial relapse (Epstein et al., 1998). Thus prevention remains the most effective 
method of controlling obesity, particularly if it started early in life. Interventioil 
strategies should aim to modify eating behaviours and activity patterns so that unhealthy 
behaviours are replaced by new healthy behaviours that persist throughout childhood 
development and into adulthood, thereby contributing to lifelong maintenance of 
healthy weight. 
Because of the multi-factorial nature of obesity and the uncertainty surrounding the 
effectiveness of many interventions/treatment approaches, strategies for preventing 
childhood obesity need to focus on key environmental risk factors. Recently, several 
lifestyle behaviours have been suggested as important targets for obesity prevention in 
children and adolescents. These are breastfeeding (von Kries et al., 1999), reduction of 
TV viewing (Robinson, 1999) and an increase in physical activity (Kemper Ct al., 
1999). The family environment in relation to eating habits, specifically mother-child 
interactions may also offer a significant opportunity to affect food choice and eating 
behaviours, especially in small children (Birch & Davison, 2001). 
The high prevalence of obesity documented in this study makes it clear that obesity is a 
serious problem among the adolescent population in Bahrain. Therefore the health 
authorities and concerned institutions should act immediately to establish population- 
based preventative strategies. To be most effective, these intervention programmes will 
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have to incorporate a multidisciplinary approach that includes a comprehensive and 
integrated range of educational, environmental and economic strategies that must be 
developed with the full participation and commitment of health Professionals, parents 
and different sectors of the community. 
Finally, because adolescents are particularly vulnerable to the development of eating 
disorders, caution must be practised when designing and implementing obes1t. ' 
prevention programmes targeting this age group. This is because young people, 
especially girls, may misinterpret the message and acquire an exaggerated fear of 
fatness and consequently harmful eating practices that increase their risk of bulimia and 
anorexia nervosa. Thus the role of a healthy balanced diet in the regulation and 
maintenance of healthy weight must be emphasised 
7.2.1 Specific Recommendations 
7.2.1.1 Establish school-based obesity prevention programmes 
Results of the study revealed a strong association between several dietary habits and 
physical activity behaviours, and the risk of obesity in adolescents. These factors 
constitute appropriate targets for intervention and can be best addressed within a school- 
based prevention programme. Schools provide an ideal setting in which obesity 
intervention can be delivered. This is because they allow easy access to the child and 
adolescent population as well as present opportunities for them to practice and reinforce 
healthy eating and physical activity behaviours (US Department of Health and Human 
Services, 1996). Therefore it is essential to establish a school-based obesity prevention 
program, which should aim to: 
1. Improve and integrate the school nutrition curriculum: 
At present there is no special nutrition course in schools. Knowledge about diet and 
nutrition is included in the curriculum of other subjects, such as science and horne 
economics, and is often fragmented and of a general nature. There is a need, 
therefore, to review, expand and Integrate the existing nutrition curriculum so that 
besides providing the conventional infori-nation, it should 
focus on issues 
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specifically related to obesity, in order to help students adopt healthN, eating habits 
and make sound nutritious choices. Examples include focusing on small behaviours 
such as reducing snacking and fast food intake, and encouraging eating meals with 
the family. Various learning strategies should be used, especially those that 
emphasize fun participatory activities and provide opportunities for students to 
practice healthy behaviours. 
2. Improve the school physical education programme 
The current school PE programme in Bahrain suffers from a major deficiency in 
both the quantity of weekly-allocated PE time, and the quality of the programme 
offered. Currently students in primary schools receive two 45-minute periods of PE 
per week, while those in the intermediate and secondary levels get only one 45- 
minute PE lesson per week. Thus the school PE should be improved in terrns of 
frequency, quality and time spent in structured exercises. Sustained moderate to 
vigorous physical activity should be included in the PE curriculum at least 3 times 
per week. In addition, teachers should encourage children to increase their out-of- 
school physical activity, and reduce sedentary activities such as TV viewing and 
playing computer games. Teachers should also motivate students to build increased 
activity into their daily lives by encouraging walking or cycling to school, and 
performing household chores. 
3. Provide in-service training for school teachers: 
In-service training workshops should be carried out to provide all teachers involved 
in school-based interventions with the necessary knowledge and skills in the field of 
nutrition, obesity and physical education, as well as teaching methodology and 
behaviour-modification techniques. 
4. Involve parents in school activities 
Because parents strongly influence their children's eating environment and 
lfestyle 
behaviours, their cooperation and support is crucial. Thus school-based Interventions 
should involve parents as much as possible in vanous actiN, Ities In order 
to get their 
support and help. Examples include inviting parents to attend schoo 
I -organ, sed 
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sports activities and nutrition seminars and giving students home assignments that 
they should do with their mothers, such as planning nutritious familý' meals. 
5. Improve the quality of food and snacks sold in school canteens 
Although large improvements have been made in school canteens, man), schools still 
offer high fat or high sugar snacks such as crisps, pastries and fruit drinks. Thus 
policy regarding providing only nutritious food and snacks should be issued. This is 
important in order to improve the nutritional quality of foods consumed by students 
while at school, as well as to prevent sending mixed messages. 
6. School clinic 
School clinics offer an excellent opportunity for preventing and treating obesity. The 
school clinic should provide obesity intervention services such as screening, obesity 
management and counselling. Proper training should be provided for school nurses 
in assessment and management of overweight and obesity. 
7.2.1.2 Provide sport and exercise facilities for children and adolescents 
The results showed that out-of-school physical activity was an important and 
independent factor associated with a reduced risk of obesity in adolescents. Therefore, 
intervention efforts should include providing suitable places for children and 
adolescents to exercise and engage in physically active games such as sports clubs, play 
grounds and community recreational centres. This is particularly important for girls, as 
there is severe shortage of sports facilities for females. 
7.2.1.3 Carry out health education campaigns targeting parents 
The findings that the mother's lifestyle behaviours were important factors associated 
with a risk of obesity among adolescents, emphasise the role that parents can play 
(through modelling) in influencing their children's' behaviours. Thus intervention 
efforts should be focused at family level, particularly at mothers, to encourage them to 
adopt an active lifestyle. Health education through mass media can play a 
key role in 
this matter. An important message to parents is that in order for them to 
be able to 
increase their children's physical activity they should be active themselves. 
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7.2.1.4 Establish selective obesity prevention programmes directed at h1gh risk 
groups 
The present study showed that a family history of obesity is a strong and independent 
predictor of obesity in Bahraini adolescents. It is not clear Nvhether such all association 
is due to genetic or family environmental influences. Nevertheless it scems reasonable 
to assume that both factors are involved in favouring the development of obesity in 
children. Therefore, intervention programmes should specifically target those children 
with one or both obese parents, since they are the subgroups wi th a particularlY Iii, 71i 
risk of obesity. Furtherrnore, the custom of marriage between close relatives in the 
population of Bahrain and other Gulf States is very common and is bclleved to 
contribute to the high rates of hereditary anaernias in Bahrain (Musal, (y ,, er, 1987). Hcnce 
appropriate health education in this matter may help to lower the prevalcnce of obcsity 
as well as other genetic diseases. 
7.2.2 General recommendations 
7.2.2.1 Establish obesity prevention committee at national level 
A high level committee consisting of government officials, health professionals, 
nutritionists, educators, and community and religious group leaders should bc set up to 
launch a comprehensive obesity prevention programme targeting the child and adult 
population. Members of the committee should first carry out a situational analý'sis to 
assess the magnitude of the obesity problem, identify the most effective means to deal 
with it, and develop policy and preventative strategies. Subcommittees can then be 
formed to develop specific action plans and oversee implementation. Specific strategies 
should first be piloted to assess their feasibility and appropnateness. Regular cvaluation 
(based on assessment of changes in predetermined indicators of dietary change, physical 
actwity levcl and prevalence of overweight) should also be carried out to asscss 
progress and improve plans. 
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7.2.2.2 Carry out a public health education campaign 
Mass media efforts can positively facilitate behaviour change. Infori-nation on obesity. 
particularly childhood obesity, its definition, causes, health consequences and 
management, should be an integral part of health education messages conveyed through 
various types of media in Bahrain. Specific key points for media attention include 
promoting an active lifestyle for the whole family, reducing time spent in sedentary 
activities such as TV viewing, and to continue encouraging breastfeeding. 
7.2.2.3 Establish specialised obesity clinics 
There is a need to establish specialised health care services for the management of 
paediatric and adult obesity. Such obesity clinics can be established within the existing 
health care facilities in Bahrain (health centres, school clinics and hospitals) and should 
be able to provide primary care as well as secondary care (treatment). Guidelines that 
complement preventive strategies need to be developed for the assessment and 
management of obesity in children and adults. 
7.2.2.4 Provide improved training for health professionals in obesity 
management and prevention 
Efforts should be directed towards providing improved in-service training programmes 
for all health professionals involved in the management and prevention of obesity in 
Bahrain. In addition to providing the necessary knowledge and skills in these areas, the 
training should aim to change the negative attitudes that some health workers may have 
towards obesity and the obese, so that obesity can be viewed as a serious disease that 
can be treated through modifications of eating and exercise behaviours, and not as a 
personal trait or condition resulting from laziness or overindulgence. 
7.2.2.5 Carry out further studies 
BMI is a useful general indicator of obesity. However, like all other surrogate 
measures of fatness, it has several limitations. In addition of being affected 
by 
sex and age, the relationship between BMI and body fat is also influenced 
by 
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ethnicity (Daniels et al., 1997; Prentice & Jebb, 2001). Furthermore the use of 
age and sex specific BMI cut-off points in children does not completely 
eliminate problems associated with its use, since the BMI-percent body fat 
relationship is also known to be affected by the stage of sexual maturation 
(Daniels et al., 1997; Bini et al., 2000). As a result, when BMI is used to 
classify obesity in individuals of different maturity levels or from different 
racial groups, it may provide misleading information. 
Although the IOTF standard used in the present study improves on other BMI 
based- standards in being consistent with the adult obesity cut-off values, it 
lacks representation of many ethnic groups including the Arab population. 
Hence its use may underestimate or overestimate the true prevalence of 
obesity in the child and adolescent population of the Arab Gulf Region. A 
study that has evaluated the relationship between percent body fat and BMI in 
different ethnic groups showed that Asian races tend to have a lower BMI 
whereas American Blacks and Polynesians tend to have higher BMI for a 
given level of body fat than Caucasians (Deurenberg et al., 1998). Such 
variation suggests that the currently used obesity BMI cut-off points may not 
be appropriate for non-Caucasian populations in whom the relationship 
between BMI and percent body fat may be different. The dependency of BMI 
on ethnicity may be due to differences in population's body build and relatiVe 
leg length (sitting height)-as well as differences in physical activity and energy 
intake (Deurenberg et al., 1999). 
The use of appropriate cut-off points for overweight and obesity is a matter of 
supreme importance in establishing reliable prevalence estimates for obesity 
and consequently prevention strategies. Therefore future studies should aim to 
define cut-off points which are specific for both the child and adult population 
of the Gulf Region and which are based on long-term health risks associated 
with elevated levels of BMI (such as mortality rate, hypertension, 
NlDD. %I and 
risk of persistence of obesity into adulthood). This may serve as an adequate 
classification system until an internationally accepted standard 
based on actual 
measurement of body fat becomes available. 
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2. Data on the habitual dietary intake of the child and adolescent population in 
Bahrain is scarce. Hence a study designed to investigate this issue is urgently 
needed. 
I There is a need for future studies to examine the relationship between the 
family environment (parents' eating habits and activity behaviours, and 
parenting style) and risk of obesity in schoolchildren. 
4. In this study, an initial effort was taken to investigate the association between 
birthweight and breastfeeding and risk of obesity in adolescents. However, no 
significant association was observed. This could be due to the relatively small 
sample size, which may have limited the power of the study. Further 
investigation in this area may help to identify new methods for early 
preventive measures. 
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APPENDIX- 2A 
Number of students according to the geographic distribution of schools 
in Bahrain 
Geographic Area (Govcrnoratc) I 
Capital Muharraq Nortliem SOLIOI-Wrli 1-0tal 
Boys' Secondary Schools 
Total student No. 3796 1730 1 ý04 4 -14 S 
Sample size (1%) 38 17 15 4- 
Total schools No. 6 2 
Selected schools 2 1 1 6 
Boys' Inten-nediate Schools 
Total student No. 1931 2260 5167 4933 14,291 
Sample size (1%) 19 23 4() 143 
Total schools No. 5 5 8 1- 
Selected schools I 1 0 
Girls' Secondary Schools 
Total student No. 2575 1884 3085 4981 
Sample size (1%) 26 19 31 
Total schools No. 3 4 3 5 
Selected schools I I 6 
Girls' Inten-nediate Schools 
Total student No. 1849 2215 5204 5 
392 
Sample size (1%) 18 T? 52 
ý4 140 
Total schools No. 4 7 8 
Selected schools 1 2 
6 
Total number of secondary and intermediate school students for the academic ycar 
5 21 
APPENDIX- 2B 
Selected schools and sample size 
School Sample size- 
Boys' Secondary Schools 
I Ahmed AI-Ornran 
2 Shaikh Abdulaziz 
3 AI-Hedaya AI-Khalifiya 
4 HamadTown 
5 Isa Town 
6 East Riffa 
Boys' Intermediate Schools 
7 Al-Quadiabeya 
8 Tanq Bin Zeyad 
9 Jid Hafs 
10 A]-Farabi 
II Othman Bin Affan 
12 West Riffa 
Girls' Secondary Schools 
13 Khawla 
14 Al- Muharraq 
15 Saar 
16 Hamad Town 
17 Al- Noor 
18 West Riffa 
Girls' Intermediate Schools 
19 Om Salema 
20 Zanobia 
21 AI-Doraz 
22 Al-Qairwan 
23 Sitra 
24 East Riffa 
TOTAL SAMPLE SIZE 
21 
21 
21 
24 
7 
2/ 
24 
'4 
27 
24 
24 
18 
7 
27 
27 
540 
'107 
- Apj'cnc1icc 
APPENDIX- 3A 
Information Sheet (English translation of the original in Arabic) 
Research title: Prevalence and determinants of obesity among adolescents in 
Bahrain. 
Dear student/ parent, 
We are going to conduct a study on Bahraini adolescents between 12-17 
years of age. The project is aimed at determining the prevalence of obesc, 
among schoolchildren and factors contributing to its development. We will 
visit your school one time only to collect the following information: 
1. We will measure your weight, height, waist circumference, hip 
circumference and arm circumference with your clothes on. We will 
also measure your blood pressure as well as the fat mass around your 
arm and at the back using a small harmless instrument. All 
measurements will be taken by a specialist of the same sex as you 
and will be taken behind a screen to ensure your privacy. 
2. We will also give you a questionnaire to fill out containing general 
questions as well as questions about your eating habits, physical 
activity and life style. 
All information you give us will be handled confidentially and no one but the 
research team will have access to it. The information will be coded, entered 
into a computer and stored. The results of the study will be communicated to 
you and to the Ministry of Health. We hope that the findings will help to 
design a better health programme to prevent obesity among children and 
adolescents in Bahrain. 
los 
Appendice. s 
APPENDIX- 3B 
ConsentForm (English translation of the original in Arabic) 
Research title: Prevalence and determinants of obesity among 
adolescents in Bahrain 
I have read the information sheet concerning this study and I 
understand what will be required of me if I take part in the study. My 
questions concerning this study have been answered by the study 
investigator, Ms. Aneesa Al-sendi. 
I understand that at any time I may withdraw from this study without 
giving a reason and without any effects on me. 
I agree to take part in this study. 
Signature of student ------------------------------ 
Signature of parent -------------------------------- 
Date -------------------------------------------------- 
-1 () 1) 
. -Ippclltllct., s 
APPENDIX- 4A (English translation of the original in Arabic) 
Questionnaire of the Prevalence Study 
SECTION 1: GENERAL INFORMATION C0DE 
Name: ----------------------------------------------------------------- 
School: ---------------------------------------------------------------- Class: --------------- 
Home phone: ------------------------ 
Nationality: (1) Bahraini (2) Non Bahraini 
1. Sex: (1) Male (2) Female 
2. Age: ------------ completed years Date of birth: ---------------------- (day, month, year) 
3. Father's occupation: ---------------------- 
4. Mother's occupation: --------------------- 
5. Father's education: (1) Illiterate (2) read & write (3) primary (4) elementary 
(5) secondary (6) college (7) 1 do not know/not applicable 
6. Mother's education: (1) Illiterate (2) read & write (3) primary (4) elementary 
(5) secondary (6) college (7) 1 do not know/not applicable 
7. How many brothers & sisters have you got? ------------ 
SECTION 11: INFORMATION ON DIETARY HABITS: 
8. How many main meals do you eat per day? 
9. Do you normally eat breakfast? (1)Yes (2) No (3)Sometimes 
10. Do you normally eat a morning snack? 
I don't eat (1 )I eat: ----------------------------------------------------------------------- 
2 7() 
11. Do you normally eat an afternoon snack? 
Appendices 
(0) 1 don't eat (1 )I eat: 
12. Do you normally eat before going to bed (after dinner)? 
I don't eat (1 )I eat: 
For each food item, indicate with a check mark (v) the category that best describes the 
frequency with which you usually eat that particular food item: 
Food item More than once 
per day 
Once a 
day 
(2) 
4-6 times 
per week 
(3) 
1-3 times 
per week 
(4) 
Once a month 
or less 
(5) 
13. Eggs 
14. Cheese 
115. Legumes, beans, peas 
116. Milk 
17. Beef burger 
18. Fried chicken 
19. Pizza 
20. French fries 
21. Salad 
22. Fruits 
23. Fruit juice 
24. Flavoured drinks 
25. Carbonated beverages 
26. Nuts 
27. Potato crisps/puffed corn 
28. Chocolates 
29, Candies 
30. Ice cream 
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How frequently do the following eating behaviours occur for you: Tick as appropriate. 
Behaviour Always Frequen UY Sometimes Rarely 
(2) (3) (4) 
31, Eat meals while watching the TV 
32. Eat when bored 
33. Eat when angry/upset /negative mood 
34. Eat snacks late at night 
35. Do you have your main meal (lunch): 
(1) alone (2) with your parents or other members of the family 
36. At the main meal do you eat directly from: 
(1) your own separate plate (2) A common plate shared with other family members 
37. Do you have your meals while- 
(1) watching the TV (2) without watching TV 
38. When it is mealtime and you are not hungry what would you do? 
not eat (2) eat less (3) eat the same 
39. Have you ever asked for or bought sweets/snacks you saw advertised on TV- 
(1) always (2) frequently (3) sometimes (4) never 
40. How often do you eat fruits: 
(1) every day (2) many times a week (3) occasionally (4) rarely 
41. How often do you eat meals with your family: 
(1) always (2) frequently (3) sometimes (4) never 
42. About how many times per week do you eat in fast food restaurant? 
272 
9 
I don't eat (1 )I eat: ----- times/week 
r"ý- -W 
43. About how many times per week do you eat take away fast foods? 
(0) 1 don't eat (1) 1 eat: ----- times/week 
SECTION III: INFORMATION REGARDING KNOWLEDGE & ATTITUDES-ABOUT 
NUTRITION 
In your opinion what causes weight gain? 
44. Overeating: (1 ) yes (2) no (3) 1 don't know 
45. Too much fatty food: (1 ) yes (2) no (3) 1 don't know 
46. Too many sweets: (1) yes (2) no (3) 1 don't know 
47. Not enough exercise: (1 ) yes (2) no (3) 1 don't know 
48. Parents' weight (heredity): (1) yes (2) no (3) 1 don't know 
ndices 
Indicate with an (X) mark, how much in your opinion one should eat of the following 
foods in order to be fit and healthy: 
49. Rice and bread 
50. Meat 
51. Fruits and Vegetables 
52. Milk and milk products 
53. Fatty foods 
54. Sweets 
V. Little 
amounts 
(1) 
Little 
amounts 
(2) 
Moderate Large Very large 
amounts amounts 1 amounts 
(3) (4) (5) 
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Do YOu think the following statements are true, false or you don't know? Tick (-I) as 
appropriate. 
ent True False I Do not know 
-- ý 
ý 0) (2) (3) 
; ýýater ca -- Viýng too mýuch uses a big stoYmaEh 55 DFr 71 n 
56. Skipping breakfast helps in weight loss 
, 57. Steam 
baths and saunas help in weight loss 
58. Grapefruit juice helps in dissolving excess fat 
- ----- 59. Drin Ci6cg te, ý and coffffee hhel pýs Wn wWeig ht los s --I 
60. Men like women to be slightly overweight. 
61. Mental activities such as studying and playing 
video/computer games burn lots of calories. 
SECTION IV: INFORMATION ON LIFE STYLE 
62. How do you go to school? 
(1) walking (2) cycling (3) by car or bus 
63. Do you participate in school PE classes? 
(1) always (2) sometimes (3) rarely 
64. How often do you play sport outside school (during leisure time)? 
(1) seldom (2)sometimes (3) frequently 
65. On average, how many hours do you sleep in a day? 
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Indicate with an X mark the duration and the frequency with which you engage in the 
following activities: 
I ypu U1 MuLIVILY 
(Over the last month) 
NO Yes 
T-ime-s/week Duration (hrs/min) 
66 Walking 
67 Jogging 
68 
- - 
Fo tball 
" 69 Bicycle riding 
70 Aerobics 
Swimming 
Other sport, specify ---------------- 
Household chores (e. g sweeping) 
Playing outdoor (active games) 
75 Playing indoor (sedentary games) 
76 Reading, writing, homework 
How many hours per day do you spend watching TV or video? 
77. On school days: (1) 1 watch ------ hours/day (0) 1 do not watch 
78. On weekend days: (l) I watch ------ hours/day (0) 1 do not watch 
How many hours per day do you spend playing video/computer games? 
79. On school days: (1) I play ------ hours/day (0) 1 do not play 
80. On weekend days: (1) 1 play ------ hours/day (0) 1 do not play 
81. Do you smoke? 
(1) Yes (2) No 
82. If yes, how many cigarettes per day? ---------- 
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SECTION V: HEALTH INFORMATION 
83. Have you ever been told by your doctor that you suffer from a chronic disease or 
health problem? (0) no (1) yes 
84. If yes, what is it? -------------------------------------------------------------------- 
Do your parents suffer from the following diseases? 
85. Diabetes (1) father (2) mother (3) both (4) neither (5) don't know 
86. Heart disease (1) father (2) mother (3) both (4) ne Ither (5) don't know 
87. High blood pressure (1) father (2) mother (3) both (4) neither (5) don't know 
SECTION VI: INFORMATION REGARDING BODY IMAGE & DIETING 
88. Do you think you are: 
(1) thin (2) about right (3) fat (4) too fat (5) don't know 
89. How do you feel about your weight? Are you: 
content (2) discontent (3) 1 have never thought about it 
90. What do your parents think of your weight? Do they think you are: 
(1) thin (2) about right (3) fat (4) too fat (5) 1 do not know 
91. What do your peers/best friends think of your weight? Do they think you are- 
thin (2) about right (3) fat (4) too fat (5) 1 do not know 
92. Have you ever tried to lose weight? 
(1) yes (2) no 
93. Have you ever tried to gain weight? 
(1) yes (2) no 
'76 
Cs 
94. Which of the following figures is most like you now? ---------------- 
95. Which figure would you most like to look like? ------------------------- 
Fiqures used in questionnaire for boys 
1 
e% f% Ir 3, 
Figures used in questionnaire for qirls 
1 2 3 4 5 o 7 7 
-In no idices 
ANTHROPOMETRIC MEASUREMENTS RECORDING FORM 
Blood pressure: 
Measurement Readings Average Remarks 
1 st N-d 
96. Systolic BP 
97. Diastolic BP 
Height, weight & circumferences: 
Measurement Readings Average Remarks 
1 st 2nd 
98. Height 
99. Weight 
100. Waist circumference 
101. Hip circumference 
102. Mid upper arm 
circumference. 
Skinfold Measurement: 
Measurement Readings 
1 st I 2nd I 3rd 
Average 
103. Triceps skinfold 
104. Subscapular skinfold 
105. Medial calf 
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APPENDIX - 4B (English translation of the original in Arabic) 
Questionnaire of the Family Environment Study 
C0DE- 
1. Child's Name: ------------------------------------------------------------ 2. Sex: ------------------ 
3. Age: ------------------------------- Date of Birth: ---------------------------------- (dd/mm/yy) 
4. Informant )s name: --------------------------------------- & relationship to child ------------------ 
Home telephone: ------------------- Home address: ---------------------------------------------- 
Interviewer's Name --------------------------------------- Interview Date: ------------------------ 
SECTION //: SOCIODEMOGRAPHIC CHARACTERISTICS 
5. How many other children do you have (apart from the study child)? ---------- 
6. What is the birth order of the child? ------------------------------ 
7. Mother alive: (1) Yes (2) No 
8. Father alive: (1) Yes (2) No 
9. Mother's age: ------------ years 
10. Father's age: ------------ years 
11. Marital status: (1) Married (2) Divorced (3) Widowed 
12. Father's education: (1 ) Illiterate (2) Read & write (3) Primary (4) Elementary 
(5) Secondary (6) College 
13. Mother's education: (1) Illiterate (2) Read & write (3) Primary (4) 
Elementary 
(5) Secondary (6) College 
14. Father's occupation: (0) Do not work (1) Work: ------------------------------------------ 
15. Mother's occupation: (0) Do not work/ housewife (1) Work - ---------------------------- 
16. Does your family own a car? (0) No (1) Yes 
If yes, how many? ----------------- 
17. Does your family have a servant / housemaid? (0) No 
(1) Yes, 
If yes, how many? --------------- 
217 1) 
-1ppellill cc-ý 
SECTION III: INFORMATION ON CHILD'S EATING HABITS: 
18. What was the child's birth weight? --------------- kg 
(In case the hospital discharge card is not available please give the name of the matemit, hospital and CPR no: --------------------------------------------------------------- ) 
19. What was the type of milk given to the child during the first 6 months of his/her life? 
(1) Breast milk (2) formula (bottle) milk (3) both breast and formula milk 
20. How would you respond if it's mealtime and your child is not hungry? 
(1) Leave child alone 
(2) You suggest that the child should eat less 
(3) You convince the child to eat normally 
(4) Other response, please specify: --------------------------------------------------------------- 
21. Has your child ever asked for or bought sweets or snacks he/she saw advertised on 
the TV: 
(1) Frequently (2) Sometimes (3) Rarely 
22. Have you ever encouraged your child to eat a particular type of food? 
(0) No (1) Yes; What is it? ------------------------------------------------------------------------- 
23. If the answer is yes, why do you encourage your child to eat this particular food? 
(1) Because you think it's good (healthy) for the child 
(2) Because you think it will make the child lose weight 
(3) Because you think it will make the child gain weight 
(4) Other reasons: ------------------------------------------------------------------------------------- 
24. Have you ever discouraged your child from eating a particular type of food? 
(0) No (1) Yes; What is it? ------------------------------------------------ 
25. If the answer is yes, why do you discourage your child from eating this particular 
food? 
(1) Because you think it's bad (unhealthy) for the child 
(2) Because you think it will make the child lose weight 
(3) Because you think it will make the child gain weight 
(4) Other reasons: ------------------------------------------------------------------------------------- 
26. Have you ever given your child food as a kind of reward? 
(1) Frequently (2) Sometimes (3) Rarely 
27. Have you ever denied your child a particular kind of food as a kind of punishment? 
(1) Frequently (2) Sometimes (3) Rarely 
28. Have you ever used verbal prompts to increase your child's eating? 
(1) Frequently (2) Sometimes (3) Rarely 
2SO 
In r I., A,. IcL, 
-ý 
SECTION IV: INFORMATION ON INFORMANT PARENT'S EATING HABITS 
In general, how many times do you eat the following foods? Tick as appropriate 
Type more than once 
per day 
(1) 
once a day 
(2) 
4-6 times 1-3 time s per once a month or 
per week a Le week less 
(3) (4) (5) 
29. Red meat 
30. Fish 
31. Salad 
32. Fruits 
33. Sweets 
34. Do you eat breakfast? 
(1) Always (2) No (3) Occasionally 
35. Do you eat out (in restaurants)? 
(0) No (1 ) Yes 
If yes, how often? ------------------- times per El Week 1: 1 Month 
36. Do you eat take-away foods? 
(1) No (1) Yes 
If yes, how often? ------------------- times per 
ElWeek El Month 
How frequently do the following eating behaviours occur for you? V as appropriate 
Behaviour Always Frequently Sometimes 1 Never 
(1) (2) (3) (4) 
T7- Eating meals while watching the TV 
Eating when bored 
39-- Eating when upset/angry/negative mood 
40 Eat late Eating snacks late at night 
L 
41. How often do you or your spouse eat the main meal (lunch) with the child? 
(1) Always (2) Frequently (3) Sometimes (4) Rarely or never 
42. Usually, do you have the main meal while: 
(1) Watching the TV (2) Without watching the TV 
281 
Which of the following sweets/snacks are usually found in your home? TIck as 
appropriate: 
43. Candy 
44. Cake 
45. El Halwa (traditional sweet) 
46-El Rahash (traditional sweet) 
47.1: 1 Chocolate 
48. El Biscuits/Cookies 
49.11 Ice cream 
50. El Nuts 
51. EJ Pastries 
52. F-1 Potato crisps / Puffed corn 
53. E] Carbonated beverages (e. g. Pepsi) 
54. El Flavoured drinks 
4ppentlIct's 
55. In relation to the child's access, you usually keep the snacks and sweets in your home in: 
(1) A hiding place (2) Known but not seen place (3) Reachable place 
56. To what degree can your child eat sweets/snacks without your knowledge/ 
permission? 
(1) Frequently (2) Sometimes (3) Rarely or never 
57. Usually when the child eats sweets/snacks 
(1) He/she asks for it 
(2) The snack/sweet is offered by parents 
(3) He/she buys or helps himself to it 
58. In your house how often are fresh fruits available? 
(1) Always (2) Most of the time (3) Sometimes (4) Rarely 
SECTION V: INFORMATION REGARDING PARENTS' KNOWLEDGE OF 
ýU-TRITION: 
In your opinion, what causes weight gain (obesity)? 
59. Overeating: (1) Yes (2) No (3) 1 don't know 
60. Too much fatty food /sweets: (1) Yes (2) No (3) 1 don't know 
61. Not enough exercise: (1) Yes (2) No (3) 1 don't know 
62. Parents' weight (heredity): (1) Yes (2) No (3) 1 don't know 
0 
Appendices 
Indicate with an (X) mark, how much in your opinion one should eat of the following 
food s: 
63. Rice and bread 
64. Meat 
65. Fruits and vegetables 
66. Milk and milk products 
67. Fatty foods 
68. Sweets 
V. Little 
amount 
Little Moderate Large V. Large 
amount amount amount amount (2) 1 (3) (4) (5) 
Do you think the following statements are true, false or you don't know? Tick (V) as 
appropriate. 
Statement True 
(1) 
False I 
(2) 
I Do not know-' 
(3) 
69 Drinking too much water causes big a stomach 
70 Skipping breakfast helps in weight loss 
71 Steam baths and sauna help in weight loss 
72 Grapefruit juice helps in dissolving excess fat 
73 Drinking tea and coffee helps in weight loss 
74 Men like women to be slightly overweight 
75 Mothers like their children to be plump 
Mental activities such as studying and playing 
Video /computer games help in weight loss 
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CTIVITY 
77. In addition to your daily life activities do you do exercise? (1) Yes (2) No 
78. If yes, what type of exercise do you do? -------------------------------------------- 
79, And how often? (1) Every day (2) 5-6 times/week (3) 3-4 times/week 
(4) 1-2 times/week (5) 1-2 times/ month 
80. How many hours on average do you spend watching TV or video during 
weekdays? -------------------- hours /day 
81. How many hours, on average, do you spend watching TV or video during weekend 
days? -------------------- hours / day 
82. During leisure time, do you engage in any sport? 
(1) Often (2) Sometimes (3) Rarely 
83. Have you ever used verbal prompts to increase child's physical activity? 
(1) Frequently (2) Sometimes (3) Rarely 
Please tell me what activities did your child do and how much time did he spend doing 
them from the moment he woke up yesterday or (last weekend) till he went to bed: 
Activities done (minutes) 
Schoolday Weekend day 
Activity duration Activity duration 
Bed time Bed time 
2S4 
l»Pt & 
-How many hours does your child sleep during school days? ---------- Hours/day 
-How many hours does your child sleep during weekend days? ------- Hours/day 
Coding: (84-91) 
Physically 
demanding 
Sedentary Daily life 
activities activities 
Schoolday 
- - 
84) 
- - -- 
85) 86) 
day ýýeekend [ 88 ) - F8 9) 
SECTION VII: HEALTH INFORMATION 
92. Does your child have an obese relative? 
(1) Yes (2) No 
If yes, who? 
93. Siblings 
94. Parents 
95. Grand parents 
96. Aunts/uncles 
(3) Don't know 
(1) Yes (2) No 
(1) Yes (2) No 
(1) Yes (2) No 
(1) Yes (2) No 
Sleeping/resting --' 
87) 
91) 
Have you been told by the doctor that you have the following diseases? 
Mother 
97. Obesity (1) Yes (2) No 
98. Heart disease (1) Yes (2) No 
99. Diabetes (1) Yes (2) No 
100. High blood pressure (1) Yes (2) No 
C, -If)n, nr 
101. Obesity (1) Yes (2)No 
102. Heart disease (1) Yes (2) No 
103. Diabetes (1) Yes (2) No 
104. High blood pressure (1) Yes (2) No 
SECTION VIII: INFORMATION REGARDING BODY IMAGE: 
105. Do you think your child is? 
(1) Thin (2) About right (3) Fat (4) Too fat (5) Don't know 
106. How do you feel about your child's weight? Are you? 
(1) Content (2) Discontent (3) Never thought about it 
.)I- 
-Sý 
4ppentlict's 
107. Have you ever tried to make your child lose weight? (1) Yes (2) No 
108, Have you ever tried to make your child gain weight? (1) Yes (2) No 
log. Which of the line drawings below, in your opinion, is most like your child now? ---- 
110. And which figure you would most like your child to look like? ------------- 
BOYS: 
1 
thrt1 Ik ! hAlt 
I'iJJ 'I "1t I 1U- l- 
1III tR±. l 
II 11 Ill U ill N 
GIRLS: 
1 2 3 4 5 b 
I 
- 
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PARENTS'HEIGHT AND WEIGHT RECORDING FORM: 
Mother ist I no 12 Average 
Reading Reading 
111. Height 
112. Weight 
Father 
113. Height 
Fl ýl 4-. 'ý ýeii gýh -t 
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APPENDIX 5 
Reliability Statistics for Anthropometric Measurements 
(For period mid-way through fieldwork) 
TECHNICAL ERROR OF MEASUREMENT 
Measurer A Measurer B 
INTRA-OBSERVER 
MUAC (cm) 0.1 0.1 
WC (CM) 0.2 0.2 
HC (CM) 0.2 0.3 
TSKF (mm) 0.6 0.3 
SSKF (mm) 0.4 0.5 
CSKF (mm) 0.5 - 
INTER-OBSERVER* 
MUAC (cm) 0.3 0.2 
WC (CM) 0.5 0.3 
HC (cm) 0.2 0.4 
TSKF (mm) 0.4 0.6 
SSKF (mm) 0.6 0.7 
CSKF (mm) 0.5 - 
Trincipal investigator and measurer 
KEY: Measurer A person who conducted measurements on all male subjects 
Measurer B person who conducted measurements on all female subjcct', 
MUAC =mid upper arm circumference, %VC= waist circumference, IW hipcircuniference 
TSKF= triceps skinfold, SSKF= subscapular skinfold, CSKF= calf skinfold 
TECHNICAL ERROR OF MEASUREMENT 
INTRA-OBSERVER 
Height (cm) 0.1 
Weight (kg) 0.1 
INTER-OBSERVER* 
Height (cm) 0.2 
Weight (kg) 0.1 
Principal investigator and measurer 
Is 
-S- 
dices 
APPENDIX 6 
Anthropometry and Blood Pressure Measurement Handout 
This handout describes the procedures that will be used in the workshop to take the 
following measurements on male and female adolescents: Weight, height, mid upper 
arm circumference, skinfold thickness, waist circumference, hip circumference and 
blood pressure measurements. 
1. Weight 
For weight measurement you will use an electronic scale. The subjects' weight Nvill 
be measured to the nearest 0.1 Kg as follows: 
1. Ask the subject to take off his/her shoes and socks 
2. Tap once on the center of the scale (with your foot). The scale will be 
switched on and 188.8 will appear, then the display will jump to zero and the 
scale will be ready for weighing. 
3. Ask the subject to step into the centre of the platfonn, stand relaxed but still 
and looking straight ahea . 
4. The display will flash rapidly signalling the weight, which will appear on the 
display for 15 seconds. 
2. Height 
For height measurement you will use a height meter. The student's standing height 
will be measured to the nearest 0.1 centimetre as follows. 
1. Ask the subject to stand without shoesheels together, knees and 
back 
straight, head in an upright position and looking straight ahead. 
(To aid the 
straightening of the spine, ask the student to take a 
deep breath and stand 
tall). 
2. Lower the movable head-board till it firmly touches the upper part of 
the 
subject's head and then take the height reading 
(use a stool if the subject is 
taller than you). 
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3. Body circumference 
For taking the waist, hip and arm circumferences you will use a measuring tape. All 
the measurement will be taken to the nearest 0.1 cm 
3.1. Waist circumference: 
1. Ask the subject to stand erect, abdomen relaxed, arms at the sIdes and feet 
together. 
2. Place the measuring tape horizontally at the level of the natural waist, which 
is mid-way between the lower margin of the ribs and the upper edge of the 
pelvis. 
3.2. Hip circumference: 
1. Ask the subject to stand erect, abdomen relaxed, arms at the sides and feet 
together. 
2. Place the tape over the maximum extension of the buttocks. It may be 
necessary to move the tape up and down until the widest point is identified. 
3.3. Mid upper arm circumference: 
1. Ask the subject to stand at ease with the arrn uncovered up to the shoulder. 
2. Find the midpoint of the back of the left arm. 
3. To do this, first identify the acromion process of the scapula (the most lateral 
bony point of the shoulder). Put the zero of the tape here. 
4. Then ask the subject to bend his/her arm at 90 degrees and identify the 
olecranon process of the ulna (the central bony point of the elbow). 
5. Let the an-n hang loosely by the side, then read the length from the acromion 
to olecranon. Divide by 2 to find the mid point of the back of the upper arm 
then mark this level using a felt pen. 
6. With the subject"S arm relaxed and hanging at the side and palm 
facing 
inwards, pass the tape around the arrn at the marked level so that it 
is 
touching the skin but not compressing the tissue. 
290 
Appena'ices 
4. Skinfold thickness measurement: 
Skinfold thickness will be measured using a skinfold caliper. The iiicaSUrcnicnt 
should be taken to the nearest 0.2 mm on the left side and at the fbllo%ý im-, 
anatomical locations: 
Lj Triceps: Back of the upper arm at midpoint 
u Subscapular: just below and lateral to the bottom angle of the scapula 
Li Calf. medial side of the lower leg at the level of maximal circuniference. 
You need to take 3 readings at each of these sites. 
To pick up the skinfold (left hand): 
Put the left thumb and forefinger on the skin about I cni above the sclected 
site and 4-6 cm apart. 
2. Move the thumb and forefinger towards each other to pick Lip a layer of skiii 
and subcutaneous tissue which is fairly mobile relative to the tiiidei-IN, iiit, 
muscle and bone. 
3. Keep gentle but firrn pressure on this fold until the calipers have been applied 
and then removed. 
To use the calipers (right hand): 
1. Ensure that the dial of the calipers reads zero, if not adjust It. 
Take the handle of the calipers in the palm of the right hand with the dial 
uppermost, and open the J axN, s to 8- 10 cm. 
3. Position the calipers jaws on either side of the skinfold, I cm below the left 
thumb and forefinger (i. e. at the level of the selected site). 
4. Gradually release the handle to let the Jaws of the calipers come to i-cst oji 
either side of the skinfold. 
5. Wait until the needle becomes steady or stops movim-, fast (3-4 sccoilds). 
6. Take the reading (note that the dial of the calipers reads anti-clockwisc). 
7. Remove the calipers gently 
'191 
I nnop,, If* 
Alwavs remember to: 
j pick up the skinfold gently 
j keep the left hand holding the skinfold all the time the calipers are on the 
subj ect 
Li apply the calipers gently 
:j use the calipers with the right hand with the dial uppermost and horizontal 
u pick up and hold the skinfold with your left hand throughout the 
measurement. 
4.1. Triceps skinfold 
1. First find and mark the midpoint of the back of the upper arm (usint. ),, the 
same method described above for the upper arm circuniference). 
2. With the subject's an-n hanging relaxed at the side of his'ller body, pick up 
the skinfold parallel to the long axis of the ami, clean away from tile 
underlying muscle. 
3. Apply the calipers vertically at the marked level. 
4.2. Sub-scapular skinfold: 
1. Locate the sub-scapular skinfold which is found just below and laterally to 
the bottom angle of the left scapula (the triangular bone of the shoulder) 
2. pick up the fold that runs in a line approximately 45 degrees to the spine 
along the natural cleavage line of skin . 
4.3. Medial calf skinfold: 
1. Ask the subject to sit with the knees at 90 degrees. 
2. Take a vertical fold on the medial aspect of the left calf at the 
level of the 
maximal calf circumference. 
-) () I 
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5. Blood pressure: 
A mercury sphygmomanometer and a stethoscope xvill be used for mcasurim4 the 
blood pressure. 
1. Ask the subject to sit quietly for 5 minutes before blood pressure is 
measured on the right arm. 
2. Use an appropriate cuff size (the cuff should cover 800o to 1000o of the 
student's arm circumference). 
3. Ask the student to remove any tight or restrictive clothing froni licr Iiis 
right ann and to extend it horizontally on the table. 
4. Apply the cuff, making sure that the midpoint is placed over the positioil of 
maximal pulsation of the brachial artery. 
5. Support the student's arm at heart level ývlth your hand \,., Iiile taking the 
measurement. 
6. First detennine the systolic blood pressure by palpation. 
7. Place the stethoscope over the brachial artery pulse, proximal and niedial to 
the cubital fossa and below the bottom edge of the cuff. 
8. Inflate the cuff approximately 30 mm Hg above the pressure at which the 
radial pulse disappeared to palpation. 
9. Release the pressure in the cuff slowly, at about 2mm Hg/second. 
10. Record the pressure obtained at the First Korotkoff sound (point at which 
sounds returned) as the systolic blood pressure and record the pressure 
obtained at the Korotkoff phase 5 (disappearance of sounds) as the 
diastolic 
blood pressure. 
11. Repeat the BP measurement after three minutes. 
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Prevalence of overweiciht and obe-sitv amnnn Rahraini 
adolescents: a comparison 
sets of criteria 
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between three different 
lcoll, w of lk, lth s6ence, ministry orHeatth, Bahrain- 2Food and Nutrition DMsion, Food and ASncmiturr Organisation, Rome, Italy, and 3Bahraln Center for Studies andResearch, iahrain 
08)ECTIVE: The aim of this study is to determine the prevalence of overweight and obesity among Bahraini adolescents using 
thre, e different sets of criteria/standards. 
DESICN: Cross-sectional prevalence study. 
SETTING: Intermediate and secondary schools in Bahrain. 
SUBJECTS: The study Included a population-representative sample of 506 Bahraini students (249 male -and 257 flemale) between 12 and 17y of age. The sample was selected using multista(ge stratified random sampling technique. 
MEASUREMENT. Anthropometric measurements Including weight height and triceps and subscapular skinfolds were taken on 
the adolescents, Age was vMfled against school records. To minimize inter-observer error, weight and height were taken by one 
person while skinfold was taken by two trained persoru (one for each sex). 
RESULTS: The overall prevalence of obesity among Bahraini boys and girls was high, especially in girls. Obesity was highest 
(21 % In males and 35% in females) when tbe WHO recommended criteria of BMI for age and skinfolds for age percentiles were 
applied and lowest (15% in boys and 18% In girls) when the age and sex specific BMI cut-off values of Cole et a) were used. 
Compared with those of WHO criteria, e-itJmates of overweight and obesity prevalence obtained with Must e( at and Cole et at 
were generally close. 
CONCLUSIONS: Our data revealed a much higher prevalence rate of obesity in the Bahraini adolescent population than was 
previously reported, especially among girls. The BMI reference values of Must et a) and that of Cole et at gave relatively similar 
estimates and appear to be more practical for use in surveys aimed at estimating the prevalence of overweight and obesity 
among adolescents than the WHO recommended composite criteria. 
SPONSORSHIP: Ministry of Health, Bahrain. 
European journal of Clinical Nutrition (2002) 56,000-000. dol: 10.1038/si/ejcn/1601560 
Keywords: body mass Index; adolescents; overweightý obesity 
lntmducUon 
Childhood and adolescent obesity is a public health problem 
of incre2sing Concern both In the developed countries and in 
countries undergoing cultural and economic transition. Data 
from the Arab Gulf Countries, including Bahrain, Indicate an 
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Increase in the prevalence of overweight and obesity among 
the adolescent population (Eld et al. 1986; Musaiger er at, 
1993a, b; Al-Nuaim et al, 1996). In Bahrain, several studies 
were carried out to estimate obesity in school chfldrrn. These 
studies have relied on the weight for height tables, skinfold 
measurement or body mass Index (BMI) criteria to determine t overweight and obesity (Arnine, 1980; BWr & Gregoryý 1985. 
Musalger et al, 19932, b). However, none of these studies used 
the recently proposed measurement of obesity by WHO 
(1995) and Cole et al (2000). 
Several criteria and various standards have been propo%ed 
to assess obesity In children and adolescents. One of the 
commonly uscd standard Is that developed by Must et al 
-)gg 
ýA. J A, 
(1991) wh1ch are bast-i r)n data 'T Tr, 'he 'JS (NHAý', 'Ls I 
s, jrveý,:,. The 8S,, h and 95, h perccntiles -ý' BVI have 
suggested to dehne overweight and obesity in the adolescený 
(Himes & Dietz. 1994). 'rhe World Health Organiza! lon 
Expert Committee has recommended the ust of both ir. e 
BMI-for-age and the skinfolci-forýagr as the best lndlca! ýý, rs 
for the assessment for obesity in adý)lescents (WHO, 1995). 
The WHO has also recommended the use of Must er al 
reference data when the local reference is not available. 
More recently, Cole Cf 41 (2000) have proposed age- and 
scx-spectfic BMI cut-off points for overweight and obesity 
in chIldren which are linked to the adult obesity cut-offs of 
25 and 30kg/m' and based on pooled International data. 
Different criteria were used by many European rmearchers, as 
85r-h and 97th percentiles were used to define overweight 
and obese individuals based on gende-f-age-specific BMI 
(Rolla nd-Cachera et al, 2001). 
Criteria for overweight and obesity vary in their applic- 
ability between different countries and across age groups and 
there is a need to determine which Is the most appropri-ate 
stAndaid or cut-off to use in assessing the degree of obesity In 
any population. The purpose of this study, therefore, is to 
determine the prevalence of ob-csity and overweight in 
Bahraini adolescents using three different sets of aiteria/ 
standards, na-mely those developed by Must et a] (199 1), the 
composite criteria of BMI for age and skinfold for age 
recommended by the WHO Expert Committee (WHO, 
1995) and the recently published standards of Cole ff al 
(2000). 
Subjects and methcýd 
The study population was Bahrain] male and female inter- 
mediate and secondary school students aged 12-17y. Apopu- 
lation-representailve sample of 506 students (249 males and 
257 fern3les) was selected using multi-stage stratified random 
sampling technique. The study was conducted between Sep- 
tember and November 2000. The sample was selected from 
different educational grades within the elementary and sec- 
ondary school levels and different geographic areas of Bahrain 
to ensure that the appropriate agegroupsand different strata of 
the target popu)ation are represented. Bahrain was first divided 
Into its tour governorates, and all the Intermediate and w- 
ond. ary schools In each govemorate were numbered and then a 
proportional sample of four or eight schools were randomly 
chosen from each governorate. After multistage sampling 25 
schooh. a systematic random sample was selected to substitute 
the non-Bahraini in each educational level. Students'reported 
age and date of bhlh were verijaed agaInst the school's records, 
which in rum were based on the students'birth certificates. Of 
the tota) sample, 506 students were incJuded, and 34 students 
(6.7%) were excluded because of missing one or more dam. 
Anthropometric measurements including weight. height, 
triceps and subscapular skJnfold thickness were taLken on the 
adolescents and according to the method described by Fidanza 
(1991). We(ght and height measurements were taken by a 
lumptan joufral of On" Nvtrltlon 
si. '. ý,., ýt? rson. while rlýe týi ness me-isureinent5 
,, %erc carned --ic by wo ýýIlled pcrson,, one for each se. -x 
Data ana)ysed to and 
rates, using the ',, '. ', iANF-S 1 rcf-rence data ý. -- Ski: f 3., t: 
(. M, jsc Lot a-?, 1991, ), 'ýhe age- ar. d sex-sý'iecffic 5M, cut-, ýff 
points reported by Cole et al anJ World Health - Organization criteria of Bkfl-for-awý-, 
(WHO, 1995). 
Overweir, ht and obtsiýv status v%erc d;,, erT-, Ir,,. --d by u5inr, 
the following cri, eria: 
I- Using the age and sex specific ENI referer. ce da! a of Mus, 
et at (199 1) -overweight, 85th to 95th percentile; obese, 
?: 95th percentile, 
2. Using the RMI cut-off valucs of Cole ef at (2000) -these 
axe sex- and age, -specific BMI cut-off points consistent 
with the intemationally accepted cut-otf points for 
adults overweight and obeMty (ie BMl of 25 and 10. 
respectively). 
I Using the WHO expert commJrtee composite criteria cf 
BMI-for-age and skin fold-f or-age (WHO, 1995) (based on 
Must et at, 1990- overwel&ht, BMI > 85th to 94th per- 
centile phis < 90th percentile of both the tdceps and sub- 
scapular si-Infold for age; obese, BMI ?! 85th percentile 
plus > 90th percentile of both the triceps and sub-scpaular 
s1drifold for age. 
Results 
Mean standard deviation and median of BMT (or male and 
female Bahrain adolescents are presented in Table 1. As age 
Increased the mean BMI increased. However at all ages 
females have greater BMI than males 
The pievaJences of overweight and obesity estimated 
using three diffeTeFIt sets of cz-iteria for the Bahraini boys 
and girLs are shown in Table 2. The overadl prevalence of 
obesity Is relattvely high, especially in femaJes. Based on the 
WHO recommended criteria (WHO, 1995). about 21% of the 
males and 3S% of the females were obese. The highest 
percentage of obesity in boys occurred at age 14y (29%) 
and In girls occuffed at age 16y (42.5%). Overweight was 
more than twice (8%) as prevalent In boys as in girls (3.5%). 
Rates of ovetweight and obesity showed no spedfic pattern 
of variations wlth age, in both sexes. 
When Must er al (1991) reference values for overweight 
were applied, an overall prrvalence of overweight, which was 
higher than that obtained with the WHO criteria, raVng 
from 17% in boys to 20% in girls. 
Relative to the Must et al (1991) Indicator, Cole et al 
(2000) cut-offs gave slightly lower estimates of obesity pre- 
valence, suggesting that age-specific BMI cut-off points were 
more stringent In identifying obese cases than the BMI 
centile-based standard. Nearly 15% of the boys and 18% of 
the girls were obese. In contrastý over&U rates of overweight 
were higher than those obtained by Must et al (1991) 
standard and ranged from 15% In malei to 24.5% In females. 
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Tabit I Mna-,, stardard devia! rj,, a-ji -ýe(,, r -a; p A-ýd female bdrra-ni adole5cr-, )-, s 
Age (y) n Mean SMi tsd Median 
Malt 
12 41 183 4.0 17.0 
13 46 21.2 5.6 19. a 
14 46 22.3 3.8 21 0 
13 37 21 0 4.9 19 2 
16 43 22.5 53 21 2 
17 34 24.4 7.1 22.1 
Female 
12 so 21 5 6.0 20-S 
13 43 21.8 44 21.3 
14 40 22.0 5.0 20.9 
is 41 24.7 7.0 23.3 
16 40 25.3 7.7 23.7 
17 43 25.0 7.0 23.4 
In general. estimates of the prevalence of overweight and 
obesityobtained with Must era/ (1991) and Cole eral (2000) 
were generally close. The proportions of obese categorized 
on the basis of these two criteria were identical at age 12,15, 
16 and 17y in boys and at age 14 and 17y in girls. Both 
criteria showed that obesity was most frequent at age 14 y In 
boys and at age 15 y in girls. 
Discussion 
Nspite the different estimates obtained by the three sets of 
criteria used, out findings indicate a high prevalence of 
2: ý, 4 imcr.. z A_-., iescent,. .ý Fiji--raln '11-x 
trend ir. Otýý: S'*Y 31'rion; the fernzýcs stLýjed -ai verý similar 
to the data r"rtrd bv Musaiger e. at (2000). which wm 
Colle"ed In 1992- However. our findings showed a remark- 
able decline in overweight and an Increase in obesity using 
the same reference data (Must et al, 1991). The prevalence of 
overweight for the same reference data (Must ef al. 1"1). 
The prevalence of overweight for the same age group (12- 
17y) was 36. S% in 1992 and declined to 18.7% In our study, 
whereas that of obesity was 7% and increased to 2,0.29b. 
These observations suggest a trend of greater (at accumula- 
tion in adolescent girls during the 1"2-2000 period. In 
boys, obesity level was aho higher than that reported pre- 
viously (Amine, 1980; Musaiger et al. 1993a, b) and appeared 
to be strongly influenced by the higher percentage of obesity 
among the 14-y-old males (29.2%). The observation that the 
highest proportion of obesity among XUls occurred at age 
16 y was in agreement with previous report (Musaiger et at 
2000). 
In both sexes and at almost all ages, the WHO composite 
criteria gave lower estimates of overweight but highex esti- 
mates of obesity prevalence than the Indicators of either 
Must ct al (1"1) or Cole et al (2000). This appears to be 
related to the fact that, according to the WHO recommended 
criteria. overweight is defined on the basis of the BNC 
(ý85th BMI percentile) while obesity Is defined on the 
basis of both BMI (ý85th BMI percentile) and sldnfold 
(2: 90th percentile of triceps and 190th percentile of sub- 
scApular skinfold). As a result, when these cut-offs were 
applied to the data set, participants with BMl values at or 
above the 85th percendle and with high subcutaneous fat 
were shifted from the overweight category to the obm 
Table 2 Prevalence (%) of overwelght and obeilty among male and female Bahralni adolescents using three reference data 
Age (y) 
Weight %tarus iWerence data 12 13 14 15 16 17 TOW 
Mpoes ("=41) (n = 46) (n - 48) (n = 37) (n. 43) (m = 34) (n = 2A9) 
Ovcrwelght WHO (1 "5) 7.3 87 8. ) 5.4 9.3 11.8 9.4 
must ec &I (199 1) 19.5 109 12.3 0.1 9.3 20.6 13.3 
Cole ec &1 (2000) 19.5 15.2 16.7 8.1 9.3 23.5 IS. 3 
Obese WHO (I "S) 17.1 23.9 29.2 13.5 1&6 23.5 21.3 
MvSt er a( (1991) 4.9 21.7 23.0 10.8 M6 14.7 16.5 
Cole er at (2000) 4.9 17.4 20.9 10.5 18.6 14.7 14.9 
Females (n . 50) (n = 43) (n = 40) (n=41) (n = 40) (n -.,. 43) (n -a 25 7) 
Ove(wtight WHO (I "S) 4.0 2.3 3.0 7.3 00 2.3 3.5 
Must ef &I (1" 1) 22.0 20.9 IS. 0 17.1 20.0 16.3 MY 
Cole et &1 (2000) 26.0 27.9 22.5 22.0 2S. 0 20.9 24.3 
Obese WHO (I "S) 36.0 32.6 2. L5 39.0 42.5 371 ISA 
must ef &10 991 20.0 14.0 12.5 293 22.5 23.3 20.2 
Cole cc at (2000) 16.0 11.6 12.3 244 20.0 23.3 17.0 
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category, resulting in IOcr C-stirna! e-S of overweight and 
higher estimates of obesity than those determined by other 
standards such as those of Must ef al (1991) and Cole et al 
(20()0). Recently, Flegal er al (2001) compared the prevalence 
t)f overweight in US children calculated with Cole ef al and 
Must et at standards and found that Cole er at's standards 
produced higher estimates of overweight 3nd obesity in 
adolescents than the standard of Must er al. In this study 
we found a similar trend for the estimate of overweight 
prevalence but not for that of obesity. 
Sexual maturation is an important factor influencing BMI 
and body composition (Daniels et al, 1997; Bini tt al, 2000). 
In the present study however, pubertal staging was not 
performed due to some cultural constraints. A previous 
work in which puberty was deterftned indirectly (by que-,, 
tioning girls about age of menartche and attainment of adult 
voice in boys) have found that the mean age of pubertf in 
Bahraini boys was 14.6 y and thAt of menArche in girls was 
13.0 y (Musalger et al, 1993a, b). 
The high prevalence of obesity documented in this study 
has important public health Implications given the recent 
evidence Unking chUdhood and adolescent obesity and 
increased risk of obesity and morbidity In adulthood (Must 
& Strauss, 1999). The health statistics in Bahrain Indicate 
that obesity-telated chronic diseases such as heart disease, 
diabetes and hypertension are the main public health 
problems and represented more than 35% of total deaths 
(Ministry of Health, 2000). Therefore any progiramme to 
reduce the occurrence of obesity among adolescents will 
have a great Impact. 
Although BMI Is not an exact measure of body fat, BMI for 
age-based standards such as that of Must et al or Cole er al 
appear to be more preferable to use than the WHO criteria 
(which are based on both BMI and skinfold). Skinfold thick- 
ness measurements are subject to considerable inteT- and 
Intra-user error, whereas measures based on height and 
weight are simple to obtain in wide variety of settings and 
reliable (Himes, 1989). this Is particulatly relevant to devel- 
oping countries, where people highly skilled in skinfold 
measurement are scarce. The hISh subcutaneous fat in ado- 
lescents suggested by the high percentage of obese boys and 
girls identified using the composite BMI and skinfold criterU 
(ie WHO recommended criteria) is a cause of concem since It 
is known that the reliability of skinfold measurement 
decreases as body fat increases. Furthermore, the use of a 
BMI reference such as that of Must er al or Cole et al would 
allow ease of comparison with corresponding studies from 
other countries In the World. 
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